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| The following paper on the embryology of Ishnochi- 
ton was undertaken primarily with the view of determin - 
ing as far as possible the accurate origin and develop - 
ment of the germ layers. As a result of such @ study it 
was hoped some light might be thrown on the phylogeny of 
the is tbien dats more especially with regard to the relation- 
ship between this group and the ohaiiwe: The work has 
expended beyond my expectations, and owing to this fact I 
have in the following pages paid particular attention to 
the cell lineage and the external features of the devel- 
opment through the formation of the trochophore and its 
- metamorphosis,up to the A pa of the adult form. The 
development of internal organs only in so far as it bears 
directly upon the comolete understanding of external 
structures has been considered. This latter phase of the 
problem I hope to be able to present at another time, pay- 
ing more particular attention to the development beyond 
the- oldest stages considered in this paper. 

The work “an bewly ck the summer of 18°95 at the Hop- 

kins Seaside Laboratory, Pacific Grove, California, and 


during the following year, so far as my diuties would per- 
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vhe material for dnis work was collected at the Hop- 
kins Sgnehde Laboratory on Monterey Bay, California, about 
one ndred and twenty miles south of San Francisco. The 
north and east shores of the bay are sandy, but upon the 
south a neta formation breaks through the cretaceous 
condomeratetrises above the sea level from ten ie fitty 
feet. The cliffs, together with the outlying islands,and 
the innumerable boulders at their base, support a prodigious 
Meer of plant and animal forms. Not less than twenty 

i 


species of chiton occur in this situation, and several 


of these in the greatest abundance. The eggs of one spe- 


1. Professor Pilsbry, of the Academy of Sciences, Phila- 
delphia, has kindly identified the following most impor- 
tant species collected in Monterey Bay:- 


Callistochiton crassicostat USs.. ca io 
” palmatus var. mirabilis,Piis. 


Cryptochiton stelleri, Midd. 
Cyanoplax Nuttallii, Cpr. 
Ishnochiton Cooperi. 

: Magdalensis, Hinds. 

* Mertensii, Mida. 

veil radians. 

: regularis Cpr. 
Katharina tunicata Wood. 
Lepidopleurus rugatus. 
Middendorfia Thomasii Pils. 
Mopalia ciliata Sowb. 

4 lignosa Gld. 

, muscosa. 
Nuttallina californica. 
Palochiton lanuginosus. 
Placiphorelia velata Cor. 


Tonicella lineata Wood. 


okie base 
SOMERS ae ero ee 
hese val 


eres Setnsccn tiem ingnalenensts, were collected, and their 


study forms ‘the subject matter of the present paper. 


Ishnochiton ethenneas: more often called Sten- 
oradsia ie Sane was first shiciiecis gk by. Hinds ('44) a 
frékapectnede autainea from Magdalena Bay, Lower Cali- 
fornia, From this locality it extends to Monterey Bay, 
Saeboret 16 kn hi’ adhelmest Cabbiens species of merece 
sna in gradually dimiiishing mumbers we find it for: a dis. 
tance of one hundred and firty miles to the nevtinee 
Thus its range is from Magdalena Bay, Lower California, 
to Bolinas Bay,a few miles north ede Sent Braneleces Califor 
nia, or a total dnetanve of about twenty five nundred a 
‘miles. 

All chitons are erabauly vegetable feeders, and in 
Monterey Bay and vicinity the neg Orsay are combate: noc- 
tumel, withdrewing into some shaded position upon the ap 
proach of ii Katharina, Tonicelia, Nutiatina, occupying 
exposed situations on the. ‘rocks, and bonesnhine themsdves 
but little, are apparently not highly sensitive He light; 
Mopalia and Cryptochiton will remain out on their feeding 
epsde only sina tnd day is eeaes or dark; the remainder 


of the chitons mentioned in the list conceal themselves 
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under loose stones ie in crevices among the rocks, but 
none apoear so hignly. sensitive wdtinked al eielied 6° tubvee 
Hie Gy this species may be found in numbers of a score 
or more wnder such boulders as lie between tide marks, 
half buried in the sand, and overgrown with various sea- 


weeds. During the night they come out. to feed on this 


* 


vegetation, sometimes emerging completely, but more often 
just far enough to eat thode: Biete lying next to the 
sand, in these positions they may be found in the early 
morning, but “ sunrise all traces of eheln have disappear 
ed. 

The proboscis of the adults appears highly sensi- 
tive to light. hie Bile Ishnochiton are about 4 c.m. in 
length it remains completely exposed as in other chitons, 
put about this time a bleck or dark green pigment is de- 


posited in the anterior eighth of the foot, and in pro- 


portion as it deposits the foot is drawn more and More OV= 


er the mouth, until finally the dark end of the foot com- 
pletely conceals the mouth. I am unable to suggest a 
reasonable explanation of the above mentioned peculiar- 
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Breeding Habits. 


“ 


The eggs of Ishnochiton are laid on those days of 

May and June when the low tides come in the early morning, 
Unlike any chiton yet described, so far as I can learn, 
it does not lay its eggs singly, but in"jelly masses.” 
The oviducts between the ovary and a point & or 10 mm. 
from their exterior openings are modified to form albumen 
glands. Just before the breeding season these become 
greatly distended and the eggs passing out from the ovary 
are surrounded by the secreted albumen and become moulded 
by the lower end of the oviduct into strings each with a 
diameter of 5 - 4 m.m. and. a length of. about 77.c.m.. A- 
long one side of the tae is a strip of albumen in 
which there are no eggs. I% is not in the state of ten- 
sion thet exists in the remaining albumen packed with ova, 
and consequently the strings as they are laid assume the 
form of spirals. 

Ot be difficult to find Ishnochiton in the act of 
egglaying, and the observations I have made along this 


line are few in number. They have never bred in captiv- 


ia 


ity, and the process in the normal state is completed us- 
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ually before daylight. Upon one occasion only have I seen 
the method, It was in the early dawn and several specis 
mens were found out of water, having been left by the re. 
treating. tide,-a fact which probably accounts for their 
tardiness, since all the submerged ones had laid. In each 
case the females were attached to rocks, with the poster- 
ior half of the body protruded above the sand. The free 
edges of the foot were biienacd in such a way that they 
sent wing -like processes across the gill furrows to the 
mantle, The gills thus occupied tubular cavities, the 
ends of which i. open owing to a slight elevation of 
the posterior border of the mantle. The egg strings had 
issued through the tubes thus formed, and several speci- 
mens that continued laying in the laboratory showed the 
nui to be 7 inches per hour, occupying, if this rate ie 
normal and uniform, nearly five hours in laying egg 
strings 31 inches long (see diagram). 

. in many cases the strings are found in the greatest 
profusion attached to the seaweeds (fucus, corallines etc) 
that cover the iia in this region. I+ may be that ae 


were placed there directly, or were washed into this po- 


arid 
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sition... i cannot say which method obtains, but I am in- 


elinea to the latter, since the chiton when laying in the 
eer ae are pebitesthy wutet. ‘The ege strings are not 
fastened, simply caught on the leaves and stems and the 
heavy waves wash them away and break pre into fragments 
so that it is scarcely possible on the next day to find 
pliwe ee longer than one or two inches, and after a week 
wees elapsed almost all traces have disappeared, 

The chiton, along a considerable extent of coast 9 
lay on the same day. For example, on the morning of June 
9 ies were found along a quarter of a mile of coast; on 
June 13 ice a somewhat Vane ot area; — on the 23rd. for 
nee: dnaii amile. In each case a large number of speci- 
mens were examined and all were found to have shed their 
sex products, In tide pools, as I once observed, females 
of Mopalia lignosa, though distant several feet from the 
cee! Cink lay almost as soon as the sperm diffuses to 
them; the same is true of a species of capitibranch worm 
(probably Cirratulus. ) of the west coast. it may be that 
in the eine of Ishnochiton one of the reasons the eggs 


are laid in such definite localities is owing to the dif-. 
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fusion of sperm by the tidal currents, though the fact 


that all are subjected to similar conditions, e.g. quiet- 
ness of water, time of sania or year, temperature, must 
be of high importance. 

By comoressing portions of the egg string one half 
inch in length under a ruled cover glass, and counting 
the ergs, a very close estimate of the total number of 
eggs laid by each individual me yobe made. This was done 
in several cases, and gave 621,945, and 1561 as the low- 
est, average and highest number. Considering that every 
pebenul hada two strings éach with an average length of 
31 inches, the total number of eggs laid in the above ex- 
amples is 101804, 115940, and 1953564. 

‘Despite the fact that such ‘ vast number of eggs are 
laid, only a very few develop into adult chiton. A care- 
ful search six months after the ege laying season will 
reveal but a relatively small number of the young, which | 
by this time have reached a total length of about & mm. 
What has been said for Ishnochiton in this connection, 
bears with yet greater force in the case of wether ina: in 


some places in the vicinity of Monterey Bay the rocks are 
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literally peso with the adults, and the number of eges 
laid by every female must be fully twice : the average 
“number of eggs laid by Asin ch akon: yet the following 
winter or spring shows a surprisingly small number of 
young specimens. 

“ghe development proceeds with considerable rapidity. 
Twenty-four hours after the eggs are laid the larva com 
mences to rotate within the egg membrane; six days later 
they break through the chorion and swim about freely for 
a period lasting from fifteen minutes to two hours. After 
this time they settle on the rocks and seaweeds, and un- 
-dergoing a slight metamorphosis during the next three or 
four days they assume the external characters of the a- 
duit. 

Methods. 

Several methods of killing and fixing have been 
tried, by which the sYiemen in which the eges are imbed- 
ded would not shrink when brought into alcohol. With the 
usual mdhods this shrinkage occurs, and the eggs become 
so_ contorted thet the material is almost useless. Flem- 
i. i have made an approximate estimate of the number of 


ripe eggs in the ovary of Katharina, and I believe the a- 
bove assertion is not far from correct. 


ming gave excellent results. Specimens were killed and 


fixed for about six hours, and were then washed in water 
for'about two hours more. By this time the albumen ceas- 
eg to be viscid, and assumes a consistency like that of 
coagulated white of egg. The chorion has delicate forked 
processes projecting from it (Fig.1)to which the albumen 
strongly adheres, and upon stretching this latter with 
needles, the projections vinnie fixed, the chorion 
splits at right angles to the tension and the egg drops 
out. -By simply splitting the string longitudinally with 
a fine needle hundreds of eggs per minute may be freed 
from their membranes. They are then washed for another 
hour in water, An through the dt Pferent:eredeé of alco- 
hol, and permanently preserved in 90% aleahotls Eggs Kill 
ed in this way afford in direct sunlight wonderfully fine 
surface views. They are perfectly opaque, black as ebony; 
resting nuclei are fa cies and nutotic figures sac 
often indicated,and owing to the full round outlines of 
the cells their boundaries come out with the greatest dis- 
tinctness, rendering the relations of the cells in gener- 


al of comparatively easy interpretation. Under certain 
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circumstances the cell hound aelied apoear clearer when the : | 
egg is some shade of brown. In such cases treatment with 
hydrogen peroxide brings about the desired result. 

For study the eggs are brought into a watch glass, 
and are prevented from rolling by placing in with them 
some finely cut camel's hair. In this way the eggs re- 
main in a and free hand drawings are readily made 

Picro-sulphuria and picro-acetic also gave excellent 
results, especially the latter. but eggs must be kept in 
these fluids for five or six hours, otherwise in teasing 
out the eggs are so broken or distorted that their study 
is unprofitable; but after a period of six hours the al- 
pumen whireas a condition cp  e similar to that pro- 
duced by Flemming's fluid, and the eggs may then be rid of 
- their membranes. This latter process is rather Slow af- 
ter these fluids, but it may be done at any time within 
two weeks if the eg¢es are kept in a mixture of equal pects 
of 95% alcohol and 4% formalin. 

For surface views Delafield's Haematoxylin with a 
light secondary stain eS aeke gave the best results.Sec- 
tions were made in paraffine and stained in Delafield or 


Biondi-Erlich. In running whole embryos through a clear- 
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ing agent, care must be exercised not to put them at once 
into one of high diffusibility, e.g. xylol, which reagent 
splits the cells asunder. Cedar oil answered best in all 
cases. in surface views the nuclei stained with Dela- 
fields eee are quite distinct, but the eggs are 
filled with a finely granular yolk that often gives an in- 
distinctness to the cell boundaries in later stages, and 
it is a tedious process to determine them, but by combini 
the study of eggs killed in Flenming's fluid, where the 
boundaries are cles with a study of stained preparation 
a perfect interpretation is possible. 


General sketch of development. 


The cleavage of Ishnochiton is total, nearly equal, 
and the early cleavages conform to the radial type. The 
relation of the first two cleavage planes to the axes of 
the future embryo could not be determined since definite 
landmarks are lacking until the twenty-eight cell stage. 
Three quarteties of ectomeres are cut off from the macro- 
meres and these constitute the entire ectoblast. The 
aie deat forms the left posterior macromere at its 


fourth division, and the remaining products of this gquar- 
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tette and the macromeres constitute the endoderm. 

Up to the formation of the mesoblast in the seventy 
second cell stage a perfect radial symmetry exists. At 
this time however certain divisions in the posterior sec- 
ond gquartette (first somatoblast) arise which to some ex- 
tent destroy it, but in the upper hemisphere, on the other 
hand, radial est eer persists at least until 120 celis 
are formeaé Bileteral dumncewkanoaie therefore at “ ra- 
ther late stage in the development, and after its appear- 
ance the tramsition from the radial to the bilateral con- 
dition is slow: in fact traces of the former persist un- 
til the close of the free swimming period. 

Gastrulation occurs almost entirely by invagination 
which proceeds most rapidly on the anterior side of the 
plastophore where the cells are smaller. in the rapid 
movements of abn are the mesoblast becomes pushed 
backward, almost posterior to the archenteric wall, and 
with the shifting, invagination on the posterior side 
practically we, while it continues on the anterior 
side with unabated vigor. Rapid cell divisions now arise 


on the posterior side of the embryo in the ectodermal 
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cells whereby the distance between the posterior borders 
of the blastonore and prototroch becomes constantiy in-. 
creased. in proportion as this increase takes place a 
corresponding decrease of the surface between the blasto- 
pore and prototroch occurs by means of the invagination 
process, Finally the ectodermal tract between the blas- 
topore and velum enters into the formation of the stom- 
adaeum, elie, Bele mouth douequamEs comes to lie immediate-+ 
ly behind the prototroch, 
During the first stages of the shifting of the en- 

/ bryonic axes, the prototroch, consisting of thirty Fone 
cells arranged in a double row along the embryo, become 
ciliated. As in the annelids, a gap at first occurs on > 
the dorsal side, but this is filled by two cells from the 
anterior hemisphere. This organ continues functional un- 
til after the free swimming stage is passed, when it be- 
comes pushed out of its postion and is cast away. 

- BY a slight invagination a few celis in the centre 
of the anterior hemisphere sink in a short distance and 
become attached to the cerebral ganglia, whith arise as 


two ectoblastic thickenings in the head vesicle (Fig sss 9 
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From the bottom of this depression two compound flagellae 
arise, the whole structure forming the apical sense organ. 
On the ventral side just posterior to the mouth the 
foot arises as a médian undivided protruberance. It prob- 
ably is formed to a slight extent by the second and third 
quartettes of the anterior side of the embryo, and to a 
greater denna by these same quartettes of the posterior 
side of the embryo,which neve grown round to form the ven- 
tral side. On its anterior edge arises the opening of 
the "foot gland" (Kowalevski), an orgen probably similar, 
in function at least,to its namesake in other molluscs. 
Leas the time of the formation of the foot the 
first indication of a shell appears on the dorsal surface, 
consisting of rows of cells,which are destined to secrete 
the calcareous salts alternating with large cells appar- 
ently conteining some mucous-like secretion. A cuticle 
forms above this region in which the valves of the shell 
and the spicules of the mantle are deposited. This shell 
is.a cuticular structure constituting the tegmentum, the 
articulamentum arising much later. Av first it occupies 


a position posterior to the prototroch but gradually it 
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extends onto the head vesicle and finally its anterior 


porders occupy a position but little posterior to the ap- 
ical sense organ. 

The larva,which escapes from the membranes before 
the calcareous portion of the shell commences to appear, 
has much the appearance of the adult jthe hemispherical 
form of the head vesicle constituting the most apparent 
difference. This gradually flattens however, and ultimate 
ly forms the proboscis and the anterior part of the man- 
tle furrow in the manner indicated by the figures, and 
this change completes the essential features of the meta- 
morphosis. 

‘ The parts the various cuartettes play in the devebp- 
mental processes are given in the table on page i 


Nomenclature 


I have used Conklin's system of nomenclature 
throughout, basing it upon the same characters, and I 
cannot do better than quote his paragraph in which these 
eae set forth('97 pge 35). "The animal and vegetal poles 
are considered the fixed points in the egg. In the ecto- 


blast the stem or parent cell is in all cases the upper 
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one. The stem cell in the entoblast and mesoblast is in 
every case the lower one. if, in any case, the cleavage 
4s meridional, (an exceedingly rare thing)the right moie- 
ty is considered the stem cell. The terms right and left 
oa employed in the usual sense,i.e., right is clockwise, 


left is anti-clockwise. A cleaveage is oblicgue to the 


right or following Lillie ('95) dexiotropic, when the up- 


per moiety lies to the right of the lower; it is oblique 


to the left, or leitropic, when the upper moiety lies to 


the left of the lower". 
THs UNSEGMENTED OVUM. 

The ovum of I. magdalenengis varies in color from a 
light pink to pinkish gray. 1% is perfectly spherical, 
and measures exclusive of the chorion 0.4 mm. in diam- 
eter. iI% is densely iibiees with a finely granular yolx, 
that renders it perfectly opaque, making observations 
very difficult on the living egg. The protoplasmic por- 
tion.at the animal pole is very slightly developed and is 
to be determined by sections only. The cleaveage nucleus 


is slightly eccentric lying on the side toward the animal 


pole, and is characterized by a finely granular chromatin 
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network suspended in a relatively abundant achromatic 


substance. This feature of the nucleus is the same for 


all cells for a considerable period of development and it 


often renders it difficult if not impossible to follow 
some of the phezes of develépment of the entodermal cells, 
a difficulty that is not lessened by the abundance of 
yolk. 

Two polar bodies are formed and the chromatin of 


the first one occasionally redivides though in no case 


have I seen the division affect the cytoplasm. The cnrom- 


atin consists of densely aggregated irregular knots, 
staining intensely, while the cytoplasm is perfectly 
transparent and is little if at all stained by logwood 
dyes. in stripping the chorion from these eggs the polar 
Ae are usually dislodged, pi osaed normally they per- 
sist at least until the 160 cell stage. 

Each egg is enclosed in a chorion bristling with 


)5 almo st exactly identi- 


many fork-like processes(fig. 
cal with those figured by Kowalevski for Chiton Polii. 
It is much thinner than the chorion of Mopalia lignosa 


or Katharina tunicata wnose eggs are laid singly, but the 


albumen in which the eggs are embedded no doubt acts as 
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an additional protective envelope. 


» I have taken up the study of the oogenesis only in 


@ general way, but there seems little doubt but that 


ue 
vv 


observations on the formations of the chorion 
are correct. The chorion is accordingly the metamorphosed 
foliioular epithelium, and not a product of the egg it- 
self. On the other nend e delicate vitteline membrane is 
present in the fertilized egg and also, i believe, in the 
unfertilized ones. | 
The individuals that laid in the aquarium wana 
‘prought from a point eas or four miles distant from the 
laboratory. In their transportation the water was chang- 
ed several times. ‘The eggs subsequently laid in the a- 
quarium, with relatively few exceptions, did not develop, 
from which I conclude that the sperm were in the sea wa- 
ter and were removed in changing ‘whence it probably 
| a 


follows fertilization takes place outside of the body. 


This method of fertilization is described by Metcalf for 


a 


lThe eggs that were fertilized developed normally, proving 
that the environment was normal. 3 
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Chiton mormoratus and C.squamosus, and I have noticed it 
in the case of Mopalia lignosa. 

“Some of the specimens were killed while laying, and 
the eggs in the ovary showed the first maturation spindle 
in process of formation, It is surrounded by a small 
protoplasmic area while the remainder of the egg is uni- 
formly filled with yolk. The spindle is of very small 
size, being but about one- fen the diameter of the egg. 


First cleaveage, 2 cells. 


Basing my observations on those chiton that laid in 
the aquarium,one hour and ten minutes elapses from ftrst 
tilization to the itirat cleaveage. After this period a 
Slight flattening apoears at the animal pole which is 
followed by the formation of a furrow rapidly encircling 
the ege¢,. ‘This divided the ovum in ree ten minutes. At 
this time the two blastomeres are somewhat spherical but 
they soon become so pressed together that they are almost 
perfect hemisphere¢d: tctiniee in the living egg it is often 
adifficult to make out the boundary between the two. By 
this division two cells reeult, one of which is larger 


than the other, put this difference in size is usually 
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very slicht, and often it is impossible to detect any 
adifference. 

I have taken much pains to attemot to determine 
whether this inequality in the masses of these blasto- 
meres is correlated with the more rapid’ develooment of 
the posterior quadrants, but I have found no constant fea- 
ture which would enable me to orient the egg in these ear- 
ly stages, That an early differentiation occurs appears 


probable, but the landmarks up to the 32 cell stage are 


of too uncertain a nature to give any definite answer to 


the question, and hence I am unable to state thet this 
larger cell contains the ait chour of the lst and 2nd som- 
atoblasts as in Nereis, Unio, Amphitrite etc. The spin- 
dle that. initiated this cleayeage is fully half of the 
diameter of the ege in length: whe the one giving rise 
to the first polar body is one-ninth the egg's diameter. 


Second cleavéage-4 cells. 


_In about half an hour the second cleaveage furrow 
appears at right angles to the first and behaving in a- 
bout the same manner divided the eg¢ into four celis.Us- 


ually one of th€se products is slightly larger than the 
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others, and in the drawings I have oriented it so that it ae 
Baek to D in many other forms.(Nereis, Unio,Crepid 
ula etc.) but, as I have said, no definite proof ié at | 
present forthcoming that such is the case, 


A cross furrow appears that is especially well mark 


ed at the animal pole, and on the vegetative pole one is 


-present at right angles to the first, but the eells form 


ing it are simply in gentle contact. This feature per- 


sists for a considerable period in many eggs, affording 


an excellent means of orienting the, blastomeres end relat— 


ing the first and second cleaveege planes to the axes of 


the embryo. in Ishnochiton, however, in the transition 
from the four to the eight cell stage it ceases to be 
definite enough to be used as a landmark, and hence I am 
ignorant of the relation of the four cell embryo to the 
adult. ) 

I have not taken up the minuter processes of cell 
division, but one matter calls for remark. Previous to 
the division of the cell I have often noticed that the 
two centrosomes come to lie on opposite sides of the ee 


cleus, and the fibres radiating from them often indent — 


the nuclear dawnt as in Figs. The process is 
very similar to that first figured by Watese ('90) in his 
study of the cephalovod cleaveage, and it appears to be 
characteristic of the mollusca in general. 


Third cleaveage-& cells. 


The next division gives rise, in a dexiotropic dir- 
ection to four cells, the first quartette of ectomeres. 
The Soiedis which introduce this cleaveage have their 
upper ends inclined to the right, and usually a distinct 
bulging of the upper right hand side of the cells occurs 
before the division is completed. When the piddoderas 
are Pebndd they will be seen to lie some distance to the 
right of the parent Tr anaeer therefore partly over the 
furrows between the macromeres. This snifting occurs Prin 
cipally before the complete Pi letbs of the cells although 
in many cases the halves of the central spindle in the 


daughter and parent cell are slightly bent showing that 


@ shifting has occured after the cells are formed. But 


1. In the tables of cleaveage I have rigidly adhered to 
the rules given on page »out throughout the descrip- 
tions I have used the term parent or stem cell in a loos- 
er sense, designating it as the larger of the two pro- 
ducts of a cleaveage. 
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this latter stage of the rotation is almost imperceptible 
and is not unlike numerous examples which may be noted 
throughout embryonic development. 


Fourth cleaveage-locells. 


In accordance with the law of the alternationof 
cleaveages as formulated by Kofoid ('95) this stage is 
introduced by a leiotropic division of the first quartetie 
which forms four cells of equal size, termed by Wilson 


the trochoblasts. Usually at the same time the macro- 


meres cleave in a leiotropic direction forming the second 
Se teate of ectomeres. The spindles giving rise to the 
trochoblasts and to the second quartette 2a,2b etc. are 
ant in line with each other and < sadumabiy when the 
cells are completely formed they lie pressed together be- 
bane the macromeres on one side mer the stem cell of the 
first auartette on the other, 

Since the advent of Professor Wilson's beautiful 
study of Nereis in which on the first time the origin of 
the prototroch was accurately determined, a number of 


papers have appeared which greatly advance our knowledge 


of this organ in other forms. Among annelids there is 
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Amphitrite, Clymenella (Mead),Podarke (Treadwell),and 
Arenicola (Child), and in Gasterovods four species of 
Crepidula (Conklin) in which the accurate develooment of 
the prototroch is known. And also there are many forms in 
cluding atekade. gasteropods, polyclades, and chitons, 


in which there is an essential similarity iof origin and 


behavior of like celis in the early stages. As shele Lat - 
er history has not been determined nothing definite may 

be claimed, yet it abbears altogether probable that in 
this respect they do not differ from the above accurately 
a forms. At all events this fact remains, that a- y 
mong gasteropods, annelids and chitons in which the cell 
lineage has been carefully followed the prototroch is in 
part formed from the first division of the first quartette. 
Conklin has already ed aad the tack that there is al- 
most certainly a homology between the trochoblasts of 
gasterovods id ued eae the development of the proto- 


troch of Ishnochiton gives greater strength to the view. 


In fact throughout the development, not only in the be- 


L havior of the trochoblasts, but of other cells, we have 


many striking resemblances that argue strongly for a gen- 
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etic relationship between annelids, gasterovods and chi- 
tons. 

In Nereis, accading to Wilson, not all the substance 
of the trochoblasts enters into the formation of the pro- 
totroch. On the other hand Mead finds that it does in An 
phitrite and Clymenella, as has Treadwell for Podarke and 
Child for Arenicola. In gasteropods Conklin finds that 
the two anterior groups of Cpaensitnkté enter into the 


velum and possibly this may be said of the posterior also. 


In Ishnochiton the entire substance aids in the formation 


of the prototroch, but they are not the only locomotor 
: : ba | 
cells from the first quartette. 


Kowalevski ('83) in nis figs. 9 and 10 of the de- 
velopment of Chiton Polii shows the sixteen cell stage 
very similar to figs. of Ishnochiton. Without 
doubt he paieesnd the trochoblasts and their parent 


cells, second quartette and macromeres. in the transition 


from the eight to the sixteen cell stage he determined 


1. In -accordence with Mead I shall term the cells forming 
from the first auattette, and corresponding to the troch- 
oblasts of annelids, the primary trochoblasts. 
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the origin of the second quartette, but was unable to de- 


cide as to the origin of the cells (trochoblasts). How- 


ever, it appeared more probable in the rhythm of segmen- 


tation that tney arose by the division of the cells cor- 
responding to the first auartette, a view which is undoubt- 
edly correct. 

Metcalf ( ) represents a sixteen cell stage in 
the development of Chiton squamosus and C. marmoratus in 
which the second quartette forms in the usual manner, but 
the cell which forms as the first product of the first 
De ahtette arises in a dexiotropic direction which is the 
reverse of what we find in polyclades, annelids and dex- 

z 


trally twisted gasteropods. 


Regarding the second cuartette cells little remains 


‘1. Professor Metcelf kindly informs me that his conclu-- 


sion was based on a few eges which showed a distinct 
pulging on the lower left hand side of the first quar- 
tette cells. The eggs were too opaque to allow the spin- 
dles to be seen and ther efore this bulging was consider- 
ed to be an indication of division. Consequently it 
seems to me auite probable that these cells in their for- 
mation do not form an exception to the alternation of 
cleaveages. . 


id fake 


ibe 


Pe Been 
CML AR RIGS + Ba 


MM ee a gens SES 


to be said at this point; all are of essentially the same 
size, the one giving rise to the first somatoblast being 
no larger than the rest. Their history will be more fully 
considered in special sections, + present it may be 
said that they are of great importance in the development 
of the embryo and also that their destinies are most di-’ 
verse, aieehe icin they do into the formation of the sub- 
umbrella ectoderm, the stomedaeum, the shell, foot and 
probably the nervous system. 


Fifth cleaveage-24 cells. 


In this cleaveage also there are eight new cells 
formed, four from a cleaveage of the large fiirt quartetie 
Cisne wherein the newly formed products lie radially 
disposed about the animal pole; and four from a division 
of the macromeres giving ea ks the third quartette. The 
first cells mentioned aise in a dexiotropic division and 
constitute the apicels. These are relatively smaller than 
the corresponding celis in annelids and molluscs and their 
parent cells, the intermediate girdle cells of sosekaain 
are much larger than in any other form. In certain spec- 


imens the apical series sinks below the general surface, 
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and in some cases when greatly crowded by the large sur- 


rounding parent cells they disappear almost entirely from 


view, but at or before their next division they commence 


to emerge again, and ultimately become level with the 
other cells of the upper hemisphere. I+ reminds one of 
similar movements in the rosette series of annelids, and 
of the so-called invagination at the animal pole of Neri- 
tina. ) 

As just said, the cells corresponding to the inter- 
mediate girdle cells are relatively very large, while in 
annelids they are of the same size or smaller than the 
apicals to which they give rise, and, as will appear lat- 
er, it is partly owing to eo fact that the cross as it 
pivot’ th gasteropods is not forthcoming in the same 
cells in annelids. 

Up to this time three quartettes have separated 
from the mecromeres: the cells of the first and second 
are of about the same size; those of the third consider- 
ably larger than either; and the macromeres are probably 
no larger than either of the first two. All contain yolk 


in about the same relative quantity, and for this reason 
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the free surfaces of the cells always stand out round and 
full, in marked contrast to the protoplasmic cells of 
this same stage where they are closely appressed against 
the huge yolk-laden macromeres, 


Sixth cleaveage-36 cells. 


The primary trochoblasts were formed at practically 
the same time as the second quartetie and in this cleave- 
age both sets of cells divide at almost the same time.The 
former segments dexiotropically, the two resulting cells 
occupying the same position as did tae parent cell. The 
second quartette also divided dexiotropically into a low- 
er lerger and upper smaller cell, which group also re- 
tains the original position of the mother cell, though at 
times a slight shifting to the right occurs in the upper 
product, | 

About this time the parent cells of the trocho- 
blasts and the apical series, ( )s are seen to be in the 
process of division. For some time I looked upon them as 
the cells corresponding to the basal cells of the mollusc- 

Pe) 
an cross ( pee etc. of Crepidula) and hence considered 


that this division would result, as in Crepidula, in the 
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formation of the median and basal cross cells proper, but 
amore careful study has shown this to be incorrect for 


the cells that form at this division are true trocho- 


blasts, the second set formed from the first quartette. 


These cells have formed by a leiotropic division and lie 
Closely wedged in between the parent cell and the two 
trochoblasts of each quadrant. The first quartette of 
ectomeres therefore gives rise tc ee primary trocho- 
blasts, and this third division produces cells which I 
shall term the accessory trochoblasts., Strictly speaking 
these accessory edbin ase just as much to be considered 
primary as are those produced at the first division of the 
first quartetie, but I shall let this be tacitly under- 
stood and therefore speak of them simply as accessory 
trochoblasts, Also I have used the ssn accessory in 
view of the fact that these celis form but half the num- 


ber of cells produced by the primary trochoblasts, that 


y is to say, the primary trochoblasts give rise to four 
cells in each cuadrant while the accessory form two. 
g These latter cells appear from the start similar to the 


primary trochoblasts, and throughout their development 
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they are alike in all essential regards. 


The fuller significance of this cleaveace will be 
considered in the section on the prototroch, though it may 
be added in. this connection that the parent cells of the 
accessory trochoblasts are now to be considered as the 
basaki cells of the cross since in their future history 
they bear a remarkable likeness to the cross cells in the 
gasteropnod. 


Seventh cleaveage-60 cells. 


About this time a Leiotropic division occurs in 
ssh cell of the third quartetie by which four cells are 
formed about one third the size of the parent cell. iIm- 
mediately after their formation they show most clearly 
their leiotropic position, crowding onto the territory of 
the second quartette and macromere of the next cuadrant, 
put very rapidly they adjust themselves sosete iawn & in 
the angles aa the macromeres.(compare figs. ana: :) 
These cells form by far the greater part of the stomo- 
daeum, and following Wilson 1 shall term them stomato- 
blasts. This designation in the case of Nereis however 


was applied to second auartette cells which in Ishnochi- 


ton also become stomatoblasts, and in view of this fact 
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I have designated both sets of bed stomatoblasts, speak- 
ing ar ‘iahlotiner las second or third quartette stomato- 
blasts as the case may be. All these third quartette 
stomatoblasts appear of about the same size, although 
later it will be noted that the size of the two posterior 
paseeae twat of the anterior, which aids very material- 
forwa bringing about marked changes in the form of the 
eubr ys. 

Division of avicals. The 44 cell stage is ushered 
in by the division of the apicals. In some cases the 
spindles are almost radial, but the division is invaria- 
bly leiotrovic. The area of the "rosette series" ( 
etc.) is ‘this increased but its relative position remains 
the same, and this is true as far as ve history has been 
traced, the tips of its arms always remaining in contact 
with the accessory trochoblasts. 

The next division affects the upper cell of the 
second -cuartette. By a leiotropic cleavéage it divides 
into a triangular cell lying to the right and somewhat 


above the remaining nawow rectangular one. The upper | 


cell is the tip cell of the cross, and is a secondary 
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trochoblast of Mead-a term which I shall adopt. The re- 
maining cell also in Amphitrite forms two cells one of 
which enters the functional prototroch. his latter fea- 
ture does not appear in Ishnochiton, though it will be 
ae that the history of this cell is very intimately 
pound up with that of the prototroch. 1% enters into the 
formation of a"“suvporting layer" of the velum, a third 
row of cells lying below the binds upper functional proto- 
trochal Heed I am not certain thet this lower layer 
pecomes ciliated as the movements of the huge velar cilia 
icant all observation in a living state. If cilia be 
present they mast be very delicate, and in preserved 
specimens the killing agents give results too uncertain 
to be relied upon. 

The following division forms the pasal cell proper 
of the molluscan cross and the median cell. The spindle 
is perfectly radial and all the divisions occur, with 
OE ee ope at the same time, and the products 


formed are similar @n each quadrant, there being now no 


1. Celis having the same origin and much the same rela- 
tions arise in Nereis, according to Wilson, and are desig- 
nated the post-trochal cells, which will receive atten- 
tion in the consideration of the development of the sec- 
ond cquartette. 
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pecularity of the posterior arm as in Crepidula. At this 
stage therefore the cross is perfectly symmetrical with 
three cells in each arm which lie in the antero-posterior 
axis and 90° removed. 

Hach of the primary Gio dio Wi eXc cleaves simutane- 
ously giving rise to four cells in each quadrant. The 
direction of the cleaveage is leiotropic and there is - 


little subsequent shifting. This is the last division 


that ever occurs in these cells. 


Post trochal cell ( ). In all but the poster- 
ior quadrant the cells ' @leave in a leio- 
t¥opic direction to form a cell which like enters 


into the formation of the supporting layer of the velum. 
These cells are in very intimate relation with the prim- 
are trochoblasts, and at the time of their formation give 
deedevce et entering the velum but as the tip cells place 
themselves in their final position they become situated 
below the prototroch forming a third row. 


Kighth cleaveage-64 cells. 


Posterior 2nd. aquartette stomatoblast. The next 


cleaveage in which the posterior second quartette stomat-— 
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oblast ( ) forms (fic. ) is one of the most inter- 
esting in the entire a As the figure shows, 
the division is leiotropic, and results in a smaller lower 
cell in contact with the mesoblast. In this connection 
it may be well to state that in being leiotropic this 
cleavgage conforms to the spiral type; in the other quad- 
rents however the cleaveage producing the stomatoblests 
is perfectly horizontal, thereby conforming to the bilat- 
eral condition. 

~The peculiarities at this cleavéage will appear to 
petter advantage if we compare the second quartetie pro- 
eucts of fig. with those of fig. . In this we 
are comparing the right quadrant with the posterior at a 
time when the number of cells is the same in each. The 
post trochal cells are nomologous, and the tip cell 
in the right quadrant when the division is completed will 
pe similar to the other, hence in the further study of 
this quartette these cells will not be considered. 

' The stomatoblasts are in contact with the macro- 
meres in each and when the division of is complet— 
ed the relation of the cells will be the same in both, 


although there are some differences in size. But while 


fieuisatian 1 


Fe AR ha 


oT RMLGtOd at rela) Wy 


Orci 


the avpearances are the same the cells which appear hom 
ologous have not the same designation. But if we compare 
two quadrants in the same egg at a somewhat earlier stage 
iTigs. and ) the cause of this phenomenon will be 
understood. Neglecting the tip cells and post trochal 
cells which have the same origin it will be seen that the 
remaining cell in fig. has by division given rise to 
the iiitiet post trochal ceil ( ) enrié Ph “fete. it 
has produced the stomatoblast, the cell corresponding to 
the left post trochal arising at the next cleavage; also 
in the other case the stomatoblast arises at the next 
division of 

In considering the manner in which this anachronism 
arose it will be noticed that in each case the stomato- 
blast arises at the time when the fourth quartette is 
forming. Secondary changes have brought about an accel- 
eration of the cleavage of D (formation of mesoblast ) but 
despite-this fact the stomatoblast arises at the same 
relative time as in the other quadrants. This accelera- 
tion in the formation of the mesoblast does not bring a- 


bout an increese in the rapidity of cell divisions in the 
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first somatoblast and hence if the somatoblast arise at 
the time when the mesoblast forms, the cleavage which 
originates the left post trochal pedi must be omitted. 

Thus it seems to be of more importance thet the 
stomatoblast be formed at this time than that the post 
trocheal cell be produced. In other words, the correlation 
between the stomatoblast and the mesoblast is closer and 
perhaps of more vitel importance than that existing be- 
tween the post trochal cell tand the prototroch. It cleaF~ 
ly appears to an onlooker that if the post trochal cell 
eeve at the same time ig ak quadrants, the stomatoblast 
arising at the next cleavage would not be able to relate 
itself intimately to the mesoblast which has already re- 
treated to a considerable enn within the embryo. 

I heave endeevored to ascertain oar effect this an- 
achronism has upon is fubure history of the cell. In 
this cneaiuabe is no evidence to be relied upon; the cell 
never gives any indication of being a post trochal cell, 
and neither do the tip cell nor right post trochal cell. 
which have arisen normally. Thus it becomes impossible 
to differentiate the result of precocious segregation 


from those due to anachronism. 
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in the other case in which I believe an anachronism 


has resulted, delaying the formation of the accessory 
trochoblasts in Crepidula (page ) two cells are in the 
later development thrown away. These products may con- 
tain the substance of the accessory trochoblasts, but how 
much their degeneration may be due to anachronism and how 
much to other agencies it is impossible to determine. 

These two isolated cases afford very little data 
for an understanding of the signigicance of such cleayv- 
ages. However they serve to show in the cleerest manner 
that. in the radial condition the blastomeres are deffer- 
entiated, that they are of morphological importance, that 
cells are not what they are by virtue of their position, 
and thet a very close ner elas tor and interaction exists 
between various cells of the same dein which extends into 
other embryonic layers. | 

As development proceeds and the general ground plan 
of the embryo has peen @eveloped the correlation of the 
‘erm layers is a coapant tn not so close. Roux and 0. 
Hertwig have shown for examole that with reference to 


the same stage in the differentiation of the medullary 
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canal of the frog, the entoblast and mesoblast may pro- 
duce the same structures at different times, and in Ish- 
nochiton certain cell cleavages and shifting of cells may 
occur at different times with respect to the closure of 
the blastopore or its later migration. However in Ishno- 


chiton it is very difficult to judge of the extent of the 


correlation as the form of the various layers or organs 


is not a safe criterion for determining the amount of 


differentiation which is present. 


Ninth cleevage-72 cells. 

Division of 3rd. quartette . The upper pro- 
ducts of the third quartette are the next cells to divide. 
In each the wntoahe is perfectly horizontal and the re- 
sulting cleavage produces two cells of equal size. This 
is the first of a series of cell divisions in which the 
sbindles inaugurating the division lie e right angles to 
those of the preceeding cleavage. 

The spindles form in the posterior quadrants, and 
the cell divisions occur, slightly in oe of those of 


the amterior (fig Be 


First division of the accessory trochoblasts. The 
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only division which the accessory trochoblasts undergo 


occurs at this stage. The spindles arise simultaneously, 
and placing themselves in a leiotrovic position, divide 
each cell in. two equal halves. The primary trochoblasts 
now number six in each quadrant, and with the exception 
of an increased external surface, they occupy the same 
position as at their formation. 


Tenth cleavage-7%3 cells. 


Mesoblast. The mesoblast arises from the vosterior 
macromere by a cleavage in which the spindle is usually 
perfectly radial position. As a result of the division 
usually by far the greater part of the substance of the 
macromere enters the mesoblast, and the macromere is of- 
ten scarcely larger than the full formed mesoblast nuc lens 
In other cases the macromere is a relatively long and 
slender cell, extending for a considerable distance into 
the eg¢,. 

At the time when the mesoblast forms it becomes 
shifted, in some unnecowttedie way, slightly to the right: 


the third cuartette stomatoblast ( ) becomes somewhat 
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smaller superficially and the outer border of be- 
comeg lengthened. Later a perfectly symmetrical condi- 
tion arises which continues hencefortn. 

In this case it is most obvious that the mesoblast 
is modified from the entoderm. It arises a little earl- 
ier than the other neers! or the fourth quartette and is 
comparatively larger, but the general features of its 
origin and position are unmistakable. 

Mead urges thet tne mesoblast erises at the ideal 
64 cell stace, and while this appears to be correct many 
Reber dations exist witce destroy this typical condition. 
In such forms as Crepidula the ectoblast is slow in its 
development, and the eieos ted arises at the 25 cell 
stage and all conditions exist between this extreme and 
Ishnochiton where the mesoblast arises as the 7Srd. celi.| 
These modifications have probabdly arisen from various 
causes, such as the accumlation of gk and precocious 
segregation, but the most remarkable Fact or: it*ailt rte 
that despite these acquired characters the mesoblast in 
annelids and molluscs and possibly flatworms arises at 


the fourth division of the posterior macromere. 
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In this connection it is important to note that in 


Ishnochiton there is another addition to the rapidly in- 
creasing list of forms in which the main structural de- 
tails of develooment are similar.. Among annelids, flat- 
worms and molluscs, save cephalopods, the first three 
quartettes of cells gives rise to the entire future ecto- 
blast; and at the next division of the left posterior | 
macromere the primary mesoblast arises; while the remain- 
ing cells of the fourth quartette and the macromeres form 
entoblast. And these remarkable resemblances do not 
ease at this point but Sul tae more or less clearly de- 
fined as far as the development may be followed. Their 
fuller ‘significance therefore will be considered when 
these later phases heave been described and ae evidence 
6 afi Ths 

Also the form of the future embryo and larva are af 
this time outlined, the protoblasts of all the definite 
regions and organs of the body being present. This is 
shown in the following table which is here introduced 
that it may render more intelligable the relation of the 


various quartettes and the part they play in the devel- 
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History of the first Quartette. 


As will be remembered the first aquertette of ecto- 
meres gives rise to the head vesicle, the apical sense 
organ, cerebral ganglia, and a portion of the prototroch. 
There are no head kidneys. 

Conklin ('97) has shown in Crepidula that some of 
the products of the first gquartette (part of the poster- 
ior arm of the cross) pass down into the posterior hemis- 
phere. Mead finds the seme thing to be true in anphitrite 
though probably to a less extent. in Ishnochiton, on the 
saber hand, cells of the first quartette becoming ciliat- 
ea aid in filling up the posterior gap in the prototroch 
put none pass below it. Hence in a consideration of this 
quartette, we deal with the anterior hemisphere whose low- 
er boundary is the posterior border of the prototroch. 

For purposes of convenience the tip Wells of the 
cross since they enter into the formation of the velum will 
be considered in this connection though it should be borne 


in mind they are second quartette celis. 


Trochoblasts and Tiv cells-formation of Prototroch. 


To recapitulate briefly, the first division of the 
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first quartette gives rise, leiotrovically, to the prim- 
ary trochoblasts.( fig. }2 These are formed at the same 
time as the second quartette and with these latter cells 
alternate about the equator of the embryo. The next di- 
vision affecting these blastomeres occurs in the 30 cell 
stage when each cell cleaves dexiotropically intovswo pro- 
ducts of equal size. Almost immediately after this cleav- 
age each of the four cells of the first guartetie corres~ 
Seine t6°tne intermediate girdle cells of annelids ( 
divides in leiotrovic direction giving rise to a 
se11 which lies to the left of the two primary trocho- 
blasts of each quadrant (fig. ) Of about the same size 
ef either primary trochoblast it also subsequently under- 
goes similar changes and finally enters the primary pro- 
totroch. For this reason I have designated them the ac- 


cessory trochoblasts. Hach of the primary trochoblasts at 


the 52 cell stage divide i a leiotropic direction giving 
rise to.a group of four cells in each quadrant occupying 
about the same sdsfe dK held by the parent cells. Some- 
what later the accessory cells divide in a dexiotropic 


direction forming two cells in each quadrant. These oc- 
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cupy the space between their parent cells [ -)which 
now correspond to the basal cells of the cross in gaster- 
opods, and the primary trochoblasts., 

Veanwhile changes are going on in the second quar- 
tette by means of which certain celis are formed that al- 
so enter into the formation of the functional prototroch. 
When the embryo consists of 30 blastomeres each of the 
cells of the second cuartette by a dexiotrovic division 
cleaves into two cells, the upper right hand one in the 
44 cell stage dividing again forms the tip cell of the 
cross. , 

In quadrants A, B and C each of these tip cells di- 
vides by an almost meridional cleavage into two ecual pro- 
ducts which ultimately becoming ciliated enter into the 
functional velum. in quadrant D on the other hand the 
same division of the tip cell occurs, yet the cells, be- 
fore the prototroch becomes functional, are drewn. below 
the level of that organ, and losing their original func- 
tion they enter into the formation of the ventral plate. 
In this way a posterior gap occurs similar in all respects 


to the vrototrochel gap of annelids. 
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All the cells of the prototroch are now formed and 


comprise eight accessory, sixteen primary and six second- 
ary trochoblasts, thirty cells in all. As will be seen 
two cells, products of the median cell of the cross, be- 


coming ciliated,aid in filling the posterior gap, but 


their function is secondarily acquired, and wigs not. 
strictly speaking to be included in the primitive velum. 
In the incipient stages of its formation the proto- 
troch consists of an angular band of cells encircling the 
embryo. The tip cells lie below the level of the future 
velun, and the remaining cells are somewhat also out of 
line; all the celis are bold and round of outline and 
their exposed surfaces are apparently greater than at any 
period ati their degeneration sets in. Nevertheless 
very ecckly after its formation, in fact even before it. 


is fully formed, it commences to assume those features 


artery 


which characterize the later stages of its history, and 
certain movements of a migratory character sre met with 
among the cells which work out decided changes in the re- 
lation and no giaiton of the velum. Attention has already 


been called to the fact that when the tip cells are form 
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ed each is in contact with the trochoblasts of the first 
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quartette of adjacent quadrants, and consequently the 
groups of cells which are to enter into the formation of 
the vrototroch form a ring about the embryo broken at one 
point on its posterior side. eens pe ies subsequent di- 
vision these groups maintain easel ded is the sano cuu 
tion, and when every cell that is to enter into the form- 
ation of the velum means the relations are practic- 
ally unchanged. But in the functional condition the se 
es ahal i a noua. buniecdane the embryo, while 
“ diagram or fig. the prototroch is two celis wide 
as regards the first cuartetie trochoblasts but only one 
row wide in the secondary (tip cells). The method by 
which the. completed condition arises is most interesting 
and affords a vhase of cell dynamics that is not easily 
explained by simple mechanical principles. 

In diagram or fig. ‘it will be seen that a 
cell of, the present lower row is in contact with the 
right Lin cell and consequently belong to the upper 
row sable and will come to lie in contact with the 


right and left tip cells respectively which are situated 
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in the lower row. The movements are né brought about by 
a simple shifting of the cells in question alone, but is 
amore profound movement that extends itself into other 
bette of cells. 

First, regarding thé method by which and come 
in contact. in their early stages these cells are cuboid= 
al in shape( fig. ) butshortly after the division to 
form the tip cells they wili be seen to become somewhat 
elongated on the side next the tip cells and their an- 
gles on thet side will become more and more acute (compare 
figs. and ). In other words they become wedge-shaped 
with the pointed ends tending to come in contact with 
each other. This movement and change of shape becomes 
more marked. and the cells seemingly pry apart the cells 
of the first quartette (some median pene at the cross) 
end the tip cells lying below them. Generally this change 
of shape affects the entire cell, but frequently the wedg e- 
like portion includes but half the cell, the remaining 
half appearing as amore or less globular mass apparently 
more passive. The appearance may be compared to an am 


oeba with one pseudopodium which, pushing out, ultimately 
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comes in contact with a like process from a neighboring 
cell. Some specimens show the processes to be extremely 
slender, sometimes requiring careful focusing to observe 
them, but after the two cells come in contact they wer 
ually assume a rectangular form which they retain through 
out development. By this means spaces nearly or quite as 
wide as the upper border of the tip cells are bridged in 
three quadrants. The upver row of the velum is now com 
plete, and consists throughout of first quartette troch- 
oblasts. | 

In the meantime changes have occured which produce 
a Lantitnes lower note in which and are in con- 
tact with the tip cells. in the earlier stages these 
latter cells are isolated from any of the lower row, but 
two series of movements bring wiodia tte final continuity. 
The most important abe the changes undergone by the tip 
cells. As a general thing they are more or less trian- 
guler with their bases in contact, and their apices dir- 
ected outward toward the cells of the lower row. They 
always remain connected in this manner, but as the embryo 


develops the bases become smaller and the altitude great-. 
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er by which meané the apices lie much nearer the cells 
and - This will be made more clear by a comparison of 
a At the same time a movement generally oc- 
curs in the lower row of primary trochoblasts by which 
the cells become more or less rectangular. sean 
the extremities of and | lying next to the secondary 
trochoblasts become pointed and their apices ultimately 
meet the advancing tip cells. At first the contact sur- 
tigée between these cells is small, but in a short time i 
grows broader and becomes as great as the smaller diam- 
bea: of the cells. Thus by movements of the tip cells 
Base indey trochoblasts the lower row becomes complete. 
In the second quartette of the posterior quadrant in 
the early stages the divisions undergone are much the 
same as those of the other quadrants, put generally com- 
mencing about the time of the division of the tip cell 
changes sGcts which cause these latter celis to lie below 
the line of the prototroch and consequently a gap is pro- 
duced as wide as the original tip cell. 
The movements whereby the upper row of cells is com- 


pleted are similar to those of the remaining quadrants. 
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They generally extend themselves across the gap between 
the upver celis of the somatic plate and the median cross 
cells lying above and ultimately come in contact. The 
contact surface nnn always remains of smaller area 
than in the other cases, 
a Anwer row cells all become flattened from above 

downward, increasing their iong diameters, and the cells 

and assume a wedge-shaped form similar to that of 
the cells of the upper row, They ene in contact with 
the tiv cells, but as these gradually sink inte the lower 
; hemi sphere they continue to flatten and the apex to ad- 
sc across their upper surfaces, and pea aS after 
they heve increased to nearly twice their original length, 
they meet in the median dorsal line, Generally the pro- 
cesses in this case are very slender, and they usually 
remain in this condition cee is. so that the cobeaes 
surface is as slight as in the case of the celis of the 
upper row bridging ig wae Were this condition of affairs 
to De attcue. the Olle. wouln be a very feeble struc- 


ture posteriorly, but it becomes reinforced by two first 


quartette cells ( ) that are derived from the me- 


page Sai uly ak 


Sail ce Pheae 
Des chia 


e oe ihe ie bans 
Ache So 


‘erent 
ag a 


irs: ess 


ee tee: 


dian cell of the cross. The position of these cells may 


be seen in diagram pe eg . As a general thing each 
cell divides and the resulting products arrange them- 
selves in such a way that ee prototrochal band is as 
wide here as in any other part of its course. 

When first formed the trochobdlasts apparently dif- 
ferin no way from the remaining cells of the ectoblast, 
but as develooment proceeds and they commence to assume 


their permanent positions they become characterized by 


featuresthat are found in no other cells of the embryo. 


Outwardly these changes manifest themselves by a flatten- 
ie of the external surface which takes place to such an 
extent that at the time when the cells pecome ciliated 
they form a constriction about the ege and appear in mark- 
ed contrast to the remaining ectodermal ceils. During 
this time the trochoblasts have decreased their external, 
and in many cases increased their internal, reed in 


other cases the inner and outer surfaces are about equal, 


and at such time the cell appears barrel shaped in sec- 


tion. 


In the interior of the cells after the cilia have | : 
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become active the cytoplasm shows imbedded in it droplets 
of various sizes that are probably metabolic products 
formed as a result of the activity of the cilia. These 
continue to accumulate for several days, until the fluid 
contents is in excess of the cytoplasmic andat the free 
swimming stege the cells become turgid and ee toot above 
the general surface of the body.( fig. ). About two 
days after the embryo has escaped from the chorion, the 
_cells,which have been gradually pushed out, burst, and 
are thrown away. For several hours a slight constriction 
Scaars where the velum was veheas oe that time 


all traces of the organ disappear. 


Comparisons. 

Among molluscs the origin of the velum has not 
hitherto been accurately determined, put in two gastero- 
pods, Neritina, and especially Crepidula, senaes facts 
are known which ere of the highest interest. 

In the first form mentioned, Blochmann determined 
that the right and left tip cells enter the velum. in 
thus becoming secondary trochoblasts they correspond to 


mollusca, and to several annelids also, but how much far- 
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ther the resemblance may extend cannot at present oe de- 
termined, since the development of the remaining portions 
of the velum is unknown. 

in Crepidula, on the other hand, much more is known: 
The two anterior trochoblasts, formed at the first divi- 
sion of the first quartette, become velar cells, Wheth- 
er the posterior cells are destined to a similer fate has 
not been determined, but since there is a wide posterior 
gap in the velum it may be that these cells remain non- 
functional. 

Anteriorly, certain cells from the second quartette, 
derived vrovebly from the tip cell, enter the velum,and 
there is a strong pdbabiiiey that the tip cells of the 
transverse arms also contribute. These velar cells di- 
vide Pepe ‘sha ultimately become relatively small, 
yet it is obvious that the portion of the yarits just des- 
cribed has probably the same origin as in Ishnochiton and , 
as will be shown, in the annelids. 

| The atmelid pro tdtaen consists of a simple band of 


cells encircling the embryo, and. is composed of relative- 


ly few cells,whose origin has been determined in several 
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cases. There isa general correspondence throughout, but 


some wii fisations have been described whereby the devel- 
opment departs from the general plan. For example, Wil- 
son shows that the prototroch of Nereis arises wholly | 
from the primary trochoblasts, twelve of the sixteen cells 
from this source becoming functional. The second quar- 
tette accordingly contributes nothing to this structure, 
~although some of its products become post trochal cells 
ng: below the locomotor organ. This prototroch, and 
possibly that of Hydroides, in quits there are eight cells 
i tie prototroch (Wilson) is much simpler then is ordin- 
arily found £ annelids. And as has been noted, all its 
cells erise from the primary trochoblasts and therefore 
from the same cells which enter the velum in Ishnochiton. 
In Amphitrite and.Clymenelia, Mead shows that the 
primary trochoblasts give rise to sixteen was ik all of 
which enter the ES POM RE eer ae the same fact 
has been, proved to be true in Podarke (Treadwell) and in 


Arenicola (Child). The origin, develooment and fate of 


these cells is precisely similiar to the primary trocho- 


blasts in Ishnochiton. 


The second quartette in Amphitrite,Clymenella and 
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kota furnishes three cells in each quadrant, except 
the posterior which enter the prototroch. Two of the 
three are homologues of the divided tiv cell in Ishnocni- 
ton which are sometimes secondary trochobdlasts 


while the third corresponds. to of the post trocnal 


ecelis. it is to be noted however, that while the second 


quartette supplies a cell which is non-functional in Ish- 


-nochiton, this latter form furnishes an accessory troch- 


oblast whose homologue is non-functional in the annelids. 


The remarkable fact now presents itself, twenty-two of 


the twenty-five prototrochal cells in Amphitrite, Clymen- 


ella, Arenicola, and possibly Podarke are exactly homol- 


ogous with the vel@r ceils in Ishnochiton. A more complete 


resemblance it would be difficult to find and I see no 
other alternative than that it is an indication of a 
close genetic relationship between the molluscs and the 


annelids. 


Eetoplasic Cross (so called Molluscan Cross). 


Briefly recapitulating, the first division of the 
first aquartette of ectomeres gives rise to the primary 


trochoblasts; the second forms an inner set of four cells 
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lag at a animal pole-the apicals, while the parent 
cells are spoken of in gasteropods as the basal celis of 
the cross. As regards the basals however, it will be 
seen that this terminology will not answer in the case of 
Ishnochiton, since at their next division they do not 
give rise to cross cells, but to the accessory trocho- 


blasts. After forming these celis, the parent cells in 


position and subsequent history answer to the basal cells 


of the molluscen cross. 
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At about the time when the accessory trochoblasts 
are formed the uoper of the two cells of the second quar- 
tette in each quedrant divides, forming the tip cells of 
the cross ( ). The cross in Ishnochiton therefore is 
composed at this stage of twelve cells, four apicals, 
four basals, and four tip.celis, inathe 60 cell stage each 
basal dihtene equatorially into an inner and outer cell, 
the basal proper and the median cell of the cross (fig. 
The arms of the cross are alike in each quadrant and ta- 


per from centre to tip, 2 condition of affairs that is 


not disturbed by the subsequent radial division of the 


basal celis. 
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In the meantime the four apicals have diwided into. 
eignt gers si of watene rote lying symmetrically about the 
animal pole constitute the aprest rosette, while the fone 
her ionbeek cells are termed the Behtphiene: rosette. This 
rosette series also forms. a cross whose arms lie insamed 
between the arms of the eotuccen c¥oss, The two crosses 
have hitherto been considered together in molluscs, but 
in Ishnochiton as the arms of the molluscen cross become 
dim and indistinct in outline the rosette series comes 
into prominence as a distinct and beautifully symmetric- 
al cross whose arms lie wholly in the velar field. The 
Reavy ot these two crosses are so widely different 
that it seems best to consider them separately in their 
later stages. 

Axial Relations. the cross when formed is distinct- 
ly dexiotropic, but this condition is somewhat modified 
by the formation of the peripheral rosette when the arms 
Sern) evoss pecome more radial in position. The tip 
cells of the cross however usually continue to lie some- 
what to the left of the basal cells, but when the primary 


trochoblasts cleave the second time forming four cells in 
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each quadrant, the tip cells assume a radial arrangement. 
This continues through the cleavage of the basal cells 
up to the time of the division of.the medians. 

In the dexiotrovic stage of the cross the long axis 
of the arms does not coincide with the antero-posterior 
axis nor with the corresponding one passing through the 
right and left halves of the body. The tip cells lie in 
- these bike but the major portion of the arms lies to the 
right in each quadrant. But later the radial condition in 
assumed and the arms become anteriocr,posterior, right and 
Robt: wirten paattiion they probably Widetnechiy weed 
Later History. 

Among the few gasterovods whichhave been accurately stud- 
ied a cross is shown to be present and in general appear- 
ance, position and history as far as this has peen iwicas 
it is similar to the chiton beset and ae the two struc- 
tures are not homologous. In what does the essential 
difference consist? In attempting to answer this ques- 
tion it may be well to note that Ishnochiton throughout 
its larval development shows a more primitive character 


than the annelids or gastverovods whose Gell lineage has 


been carefully studied; and that its development is more 


closely related to the amelids than to the gasteropods. 
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Hence in considering the differences that exist between 
the gasteropod end chiton crosses we shall note first the 
condition of affairs in the annelids, and in this light 
consider ehint obtains in the pcre and then if 
possible bring the various structures into harmony with 
one another. | 

In the first: place: !it tires t be borne in mind theti.dn 
Ishnochiton there are three divisions of the first quar- 


tette before the basal cell is formed, and that this lat- 


ter cell is formea by a2 leiotropic division in which the 
accessory trochoblast is also formed. 

In Amphitrite, as shown by Mead, the first division 
of the first a. of ectomeres gives rise to the 
trochoblasts. These cells are relatively larger than 
those in chiton, appearing fully as deoee as the parent 
cells. The eeeuckiadrounen forms the apicals which a 
also relatively larger then what we find in Ishnochiton. 
Hence between ans formation of the trochoblasts and the 
apicals the four remaining cells, called in annelids the 
intermediate girdle cells, nraethe smallest of the first 


quartette. This is clearly brought out in disgram ( ) 


of the 32 cell stage and also wy comparing it with the 
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same stage in Ishnochiton (fig. ). In the diagram, the 
trochoblasts have divided and either product is nearly or 
fully as large as the intermediate cell; and this latter 
is invariably. smaller than the apical cell of the same 
quadrant. In Ishnochiton, on the other hand, either of 
the two trochoblasts in each quadrant is about the same 


size as an apical cell, and the cell with the same desig- 


“nation as the intermediate cell is nearly or quite as 


large as the two trochoblasts and the apical taken togeth- 
er. But great as these differences are, there is essen- 


tially the same arrangement of cells in each case; the 


apicals lie at the anime. pole, and in the angles between 


them lie the intermediate cells, while at their outer ex- 4 
tremities lie the trochoblasts: also in both, the inter- 
mediate cells touch the second quartette. The intermediae 
cell now cleaves leiotropically, forming a cell in each EE 
quadrant that lies in the gap between the groups of troch 
oblasts.,. Lt etait cell in Ishnochiton which forms the 
accessory ib cakekiaet and it is important to note that 
the division forming each is leiotropic. 

In the diagram of Ishnochiton the accessory troch- 
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oblasts are comparatively small cells, lying one in each 
quadrant on the left of the primary trochoblasts. The 
pasal ia ae Largest of the first quartette, are in 
contect with the tip cells of the second quartette. A 
considerable distance therefore exists between the groups 
of primary trochoblests, which is filled ri a large ex- 
tent by the pasals, the remainder being completed by the 
accessory trochoblasts. 

in feadinits the cell corresponding to the access- 
ory trochoblast is larger than the basal cell ,and dni 
latter, owing to its small size and the relatively large 
Se omc .of the primary trochoblasts, becomes crowded 
back into the angle between the arms of the rosette ser- 
ies. The basals therefore are not in contact with the 
tip ne (slight contact in one Ledseuet of diagram ) 
and the space between the groups of primary trochoblasts 
is filled with the accessory count and thus the 
girdle is complete. But it must be noted that the girdle 
is also completed by the tip cells of the second quar- 
tette, and it is this girdle that becomes functional, the 


accessory trochoblasts being ultimately pushed above the 
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functional prototroch. Thus it happens thet in annelids 
the cells corresponding to the accessory trochoblast nev- 
er enter the functional prototroch. What their fate may 
be we do not know. In the posterior quedrant of Ampnhi- 
trite a product of the accessoby cell is very minute, with 
a darkly staining nucleus,and owing to these characteris- 
tics it wiv used as a"landmark". It was never seen to 
divide, and to me it has much the appearance of a degener- 
ate cell. In nen or two of the remaining anetivatt sie 
sma.11 cell is figured forming a cell corresponding to the 
one just tion toned. These sia judging from the figures, 
have oo Waniee and darkly staining mie Lees; bet whether 
they degenerate hes not been determined. it would be 
very interesting to discover if these cells do degenerate 
-and are cast out. if they do it sete tink much to the 
view that these cells were once functional locomotor geile 
put losing that fuhetieh they heave degenerated — re- 
sult. os 

As regards the cross- In Amphitrite given smaller 
trochoblasts and a smaller rosette series and a propor- 


tionately larger intermediate cell we would have as a 
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result of the division of the intermediate cells the same 
conditions thet exist in Ishnochiton: an other words there 
would be an annelid cross similar to the one in Ishnocnhi- 


ton. And conversely: in.Iishnochiton if the size of the 


trochoblasts and rosette series were to be increased and 
the basal cell were proportionately i a condi- 
tions as they exist in Amphitrite would be realized. The 
arrangement of the homologous cells is practically the 
seme,and the diheowediie in the size of these celis in the 
annelids and molluscs will explain the presence or ab- ; 
sence of the cross. 

bebriten to gasteropods we find in Hymon's work on 
Umbrella that the first division of the first quartette 
gives rise to the trochoblasts, and that the second forms 
the apicals. The resulting stem cells ( intermediate 


cells of annelids: besal cells of gasteropods) ere in 


contact with the tip cells of the second auartette, and 
consequently @ well marked dexiotropic cross is present, 
similar in all essential particulars to the one in Ishno- 
chiton. The trochoblasts now cleave into two cells in 


each quadrant but the so-called basal cell of the cross 
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does not give rise to a cell lying in the arms of the 


cross but cleaving leiotropicaliy it forms a small ceil 
lying in contact with the primary trochoblasts. in this 
regard and in the origin, behavior and arrangement of 


the cells we have the same state of affairs that exists 


in i isachiten, The later stages of the cross in Umbrel- 

la are not known save that it is said the basal and tip 
cells divide, but neither figures nor descriptions give' 

any data for comparison. However, eh usd peen deter- 
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mined to make it certain that. the crosses of Ishnochiton, 


the annelids and Umbrella in their earlier stages at 
cet Sek eee leaous structures. 
In Crepidula, as Conklin has shown, a well marked 
i cross kate whose history has been followed much farther 
than in any other form. ee aie xt appears in its 


earlier stages almost identical with what occurs in Ish- 


nochiton. Closer examination however makes it apparent 
that although the two crosses have the same position, and 
‘gene general i iderkiae and for a considerable distance 
at least much the same history, yet they differ in origin, 


In both, the first and second divisions of the first 
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quartette give rise bb trochoblasts and ecwis respective- 
ly, but while the third division is leiotropic in Ishno- 
chiton, the annelids and Umbrella and therein fulfils the 
law of alternating cleavages as proposed by Kofoid ('95); 
it is dexiotropic in. Crepidula. This is the only well 
marked case of reversed Cleavage in all quadrants that is 
to be found in Crepidulea up to the 60 cell stage and it 
48 of very great interest and importance to Ajuctees if 
possible why this reversal occurs. 

In Umbrella eight trochoblasts form when there are 
twelve cells in the cross; in Amphitrite there are six- 


teen trochoblasts and probably about twenty-four cells in 


the cross; Le ee vis the same ; and as Conklin has ‘ 
We sad there are twenty-eight cross cells in Nereis when 

sixteen Sochatlaats are formed, while. in Crepidula there 
are forty-two cross cells while six or possibly eight ve- 
lar are present. All of which goes to show that while ae 


the clatilegaaroe ven of the cross and consequently the velar 
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field ie relatively rapid in Aad enin. the velum itself 
progresses but slowly. This tardy development of the 


velum is probably due to the lengthening of the pre-larv- 


al period owing to the secondery accumulation of consid-— 
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erable yolk. While this delays the division of the troch- 
oblasts and consequently retards the assumption of the 
free swimming condition, it does not apparently hinder 
the development of the velar field. However, if Crepid- 
ule were to form an accessory cell in the same way as is 
formed in the forms considered above, and at the time 
when the velum hed reached a degree of differentiation 
a py two cells in each quadrant the develop- 
ment of the cross would be greatly retarded, and instead 
of there being forty-two cells in the cross there would 
be in all probability not more than twelve or sixteen. 
But since the development of the cross is so precocious 
or probably better since the differentiation of the velum 


is so slow I believe the cleavage that normally should 


form the accessory cell is omitted. Whether the omitted 


cleavage ever occurs or is in other words postponed is a | 
question that at present cannot be solved. 

It..is interesting to note that in the anterior arm 
of Crepidula plana arising possibly as a product of the 
basal cell are two small celis that degenerate and it is 
pelieved are ultimately pushed out and thrown away. The 
thought suggests itself that these two degerierating cells 


represent products of the accessory cell but there is 
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nothing to prove this is actually the cese. 


From the foregoing description it will appear that 
@ cross,such as occurs in Ishnochiton and Umbrella,is 
present in the annelids though it does not become appar- 
ent, owing, for one reason,at least, to the small size of 
the pasal cell; also the cross in these forms is the same 
as that in Spantdnte:: This latter animal lacks a leio- | 
tropic division that is present in the other forms, but 
after these have passed through that cleavage their po- 
sition and history, so far as this has been traced,,is sim 
‘tas. ) | BS 
Later History- continued. Commencing with the stage 
as represented an fies the spindles of the basal cells a 
lie perfectly horizontal and each resulting cleavage 
forms two cells of equal size. In very many cases I have 


noticed that the posterior basal cell divided slightly in 


advance of the others, yet this appears to be of little 


significance as precocious cleavages of the daughter 


cells are rather rare at the next division, 
The median cells of the cross also appear in a 
state of division at this time. The cleavage is leio- 


tropic and also results in two cells of about the same 
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size in each quadrant. 

From this time forward cleavages in these cross 
cells occur with considerable irregularity. I have chos- 
en such a stage as is shown in fig. because it gives 
an accurate idea of the direction of the cleavages, but 
as a rule they do not occur so simultaneously. Consider- 
ing the division of the two basal cells of each quadrant, 
Te ese euagen are dexiotropic and leiotropic producingin 


all but the posterior quadrant reletively smaller pro- 


ducts (— ) than the parent cells. In each quad- 
rant they lie on either side of cell of the rosette 
series and in fig. the position and relative size of 


these cells in A and C is shown. In the anterior quad- 


rant they are about half the size of these just described 


put the position is the same. In the posterior quadrant 
the cells are the same size as the parent ee and this 
gives rise to a row of four uniformly sas cells that 
afford a, ready means es ua tiek, 

Regarding the median cells, the cleavages are even 
more irregular and the size of the resulting plastomeres 


is not constant although the direction of the cleavage is 
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regular, being dexiotropic as is shown in Tit. also 
in many cases more or less shifting results after the 


cells are formed. 


this time on, 


The study of the cell lineage is impossible from 


eke 


end it has probaply reached a point when it 


ceases to possess any value in a comparative way. The 


arms of the cross retain their original position and in 


~the subsequent development form the ectoderm of the head 


vesicle. 


Comparisons. 


Before leaving this phase of the development it may 


not be without interest to compare it with what obtains 


in Crepidula. 


Neglecting the division which normelly forms the 


accessory trochoblast, the cross in Ishnochiton is pre- 


the basals 


cisely similar to that in Crepidula up to the time when 
there are three cells in each arm. The first differences 
arise in,the posterior quadrant which will be considered 


later. In the remaining quadrants the first division of 


is identical in each case and the cells 


formed by the cleavage of the tip and median cells have 
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much the same appearance to those in Ishnochiton, yet the 
direction of the spindles are slightly different. But 
even though this be the case a general resemblance may 
be traced beyond this point, and in the position of the 
arms the two forms are closely similar as far as they 
have been traced. 

The vosterior arm is rapidly modified from its ra- 
igtat condition as the divisions of the basal and tip 

cells are teloblastic, ultimately giving rise to a 
long ender arm one cell wide extending below the level 
of the velum. The division of the tip cell therefore is 
different from those in the remaining quadrants and from 


those in Ishnochiton, and the subsequent cleavages have 


no resemblances in the two forms. ‘ is interesting to 
note that after many divisions in the posterior arm of 
Ishnochiton, which in general resemble those of other 
quadrants, the cells arrange themselves in rows argos ee 
from the rosette series down to the prototroch.They have 
much the eppearance of having been formed ie teloblaestic 
divisions but primarily their arrangement is not due to 


such @ cause. 
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This apparently affords another example ofthe: ef- 
fects of a ertitored symmetry upon the earlier stages. 
In forms as widely separated as Unio and Nereis or Amphi- 
trite for example there is an excessive development of 
the posterior second and fourth quartette cells (first 
and second somatoblests) with correlated modifications 
and the above saat ane between the posterior arms in 
-Crepidula and Tebmochtten belongs to the same category. 
In such cases however it by no means follows that the 
cleavages whnicn produce such characters as the ventral 
oe and teloblastic arrangement cells are identical. 
At another time I shall advance some reasons for believ- 
ing thet while precocious segregation tends to produce an 
early appearance of a bilateral condition it tends to 
destroy close cell homologies. And in this case of the 
posterior arms we find that there is a poe rieenn express- 
ed to depart from the radial condition and to assume a 
teloblastic arrangement although the cleavages producing 
these cells are not similar. 


Rosetie series-"Annelid Cross? 


The first cells of this group arise in the 24 cell 
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stage by a dexiotropic division. Each of these products 
divides by a leiotropic cleavage into two cells (fig. a) 
The central group of four constitute the apical series, 
and the four peripheral the rosette series. 

The next division occurs in the two posterior cells 
of the rosette series( fig ). In this case there ne a 
hastening of the division in the posterior quadrants, a 
“phenomenon which manifests itself from now on. This di- 
vision is bedins and. is generaily almost completed before 
a similar cleavage affects the anterior cells. 

Before this latter division is completed spindles 
appear in the apical cells. in many cases, which I no- 
ticed particularly, the first spindle arose in C and 
was almost immediately followed by D but I cannot lay 
any stress upon this point for many variations existed. 
This cleavage is dexiotropic and results in a beautiful 
cross of celis lying symmetrically ebout the animal pole 
(fig, )., From this time onward the cleavages vary more 
and more, lacking regularity except that in almost every 
case they. occur in the posterior quadrants before the an- 


terior. 
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The next cleavage is in the rosette cells of the 
posterior auadrants and - In-accertain sense 
this cleavage is bilateral, but with a subsequent similar 
division in the anterior quadrants it becomes truly ra- 


dial. 


All the cells of the apical series divide in the 


next stage. The outer ones cleave irregularly in every 


i 
: 
a 
ES 
te 
a 
" 
‘ 
KC 
bis 
4 
ie 
cA 
re 
ie 
toa 
a 
A 
% 


“one of the score of cases that I have studied, but I 

think thet it may be safely said that the division is 
‘leiotropic in the majority of cases, Fig. sives a very 
good idea of the modifications that arise in this divi- 
sion. 

The central cells and also divide in a leio- . 
tropic division the posterior being shown in fig. : 

In the same figure the celis ee of the pos- 
terior arm of the cross may be seen dividing. The san 
age is perfectly bilateral and is the first one of the 
rosette series, any others up to this stage being due 
simply to an acceleration of cleavages which sooner or 

later appear in the anterior quadrants. 


Beyond the stage of 26 cells I have been unable to 
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ebb i nise the cell lineage owing to great irregularities 
in the time of cleavage, and this difficulty is augment- 
ed by the fact that the basal cells of the cross form 
several small cells that destroy the distinct outlines 
of the group. However I have been able to follow the 
cells in a general way to a stage shown in fig. ‘ers 
one is reasonably sure of the general position of the 
“series, especially so regerding the anterior arms which 
remain undivided end no longer exist in contact with the 
trochoblasts but are cut off from them by the cells of the 
molluscan cross of adjacent quadrants uniting below them. 
‘Also the posterior arms consisting of several cells may ‘i 
be mede out with considerable accuracy, and in a general 
way the entire series may be determined. At a later per- 
iod the anterior arms of the cross détv tide put how their 
cleavages comoere with the ~posterior I am nla to say. 
Whether this rosette series forms the erebral gang- 
lia cannot pe decided definitely but there ere two or 
three facts which lead one to believe such may be the 
‘ case. In the first place the slight indentations over 


the place where the cerebral ganglia are forming, which 
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stain intensely black with osmic acid, appear where the 
rosette series disappeared, and their outer extremities 
are some distance removed from the velum as was the case 


with the tip of the arms when the rosette series was last 


seen. Certainly it can scarcely ve questioned that the 
inner ends of the ganglia in contact with the apical 
4 sense organ arise from this annelid cross, which occupies 

the exact centre of the velar field. Also the rosette 
series shows throughout its development oe remarkable in- 
dependence. +s cell cleavages in no way appear closely 

: icetsiod with those of the arms of the molluscan cross, 
end as fer as it can ve traced it exhibits a quadriradial 
symmetry in its outline. And it is certainly a signifi- 
cant fact that appearing exactly as do the cerebral geng- 
lia are two smaller areas posterior to bike sense organ 
and connected with it. i have examined hundreds of em- 
bryos at this stage, and this character is always present 


and I feel. positive thet small masses of cells prolifer- 


ate in these areas, which uniting with the inner ends of 
the cerebral ganglia lie beneath and in contact with the 


apical sense organ. In rare cases surface views show 
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Woicextenaine to a greater distance, and in three em- 
bryos I have found the two vosterior tracts to extend to 
as great a distance as the cerebral ganglia. They were 
slightly depressed but lacked the perfect sharpness of 
outline characteristic of the erebral ganglia, but dttets 
exhibited much the same appearance as these latter struc- 


tures. 


ee The thought suggests itself that the rosette series 


with its independence of develovoment and radial form is 


to be considered as the fundament of a quadriradial nerv- 


- ous system which in the primitive ancestor developed in 


all quadrants put which has partially degenerated owing 
to the change from a radial to a bilateral form. Nervous 
systems similar to this are found in the Polygordius 
trochophore and the Ctentophores, but the manner in #hich 
these develop is unknown, yet from the behavior of the 
rosette series and the dere LoDuert of the nervous system 
I am led very strongly to the belief that the primitive 
form of nervous system was, as was the ancestor,radial,. 


Second Suartette. 


The second cuartette takes a lesser part in the de- 


ade ned 


menageb viLat, 


¥ ‘ ve 
hind ink 


| But DU | 


velopment then does the first or third, yet it is not 
second as regerds the diversity of its development. From 
its cells erise a considerable portion of the stomodaeum, 


a part of the shell, probably the pedalwrds, certainly a 


part of the foot and.to a very slight extent a portion of 

the body epithelium on each side of the mouth... it arises 

seks in the development, in the sixteen cell stage, and 
may be followed for a long period. 

The cells of this quartette arise by 4 Lleiotropic 
division of the mactomencs at the same time that the for- 
mation of the trochoblasts occurs, and abutting against 
the Latter they occupy furrows petween the macromeres(fig 

The second cleavage occurs simultaneously with the 
division of the trochoblasts anda the resulting group oc- 


cupies its original position. This division was dexio- 


tropic resulting in the formation of a etn ale superior 
cell and a larger superior one (fig. i; 

At, the next cleavage poth cells are affected, the 
upper product first showing signs of division in which 
are formed two cells, the larger upper Left hand one be- 


ing the tip cell of the molluscan cross, destined, except 
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in the posterior quadrant, to furnish two cells in each 
quadrant functioning in the prototroch, the remaining 
relatively slender cell enters into the "supporting lay- 
er" of the prototroch and is probably to be considered in 
the nature of a post trochal cell. 

From this time on the development of this quartetie 
in the posterior quadrant is along entirely different. 
lines from the remaining and for this reason it will be 
omitted in the present account and leter considered under 
the history of the first somatoblast. 

As mentioned, the following division does not com- 
mence until the previous one has advanced beyond its ini- 
tial stages. it results inthe formation of a cell al- 
most identical with the one formed in the above division 
and not only is it similar in apnearenne put their des- 
tiny is the same, both being post trochal cells. 

Considering the cells at this time we find each 
group nearly bilaterally symmetrical with reference to a 
principal axis meridian passing through it. The blasto- 
meres are grouped in the form of a Y¥ the stem being 2a" 


etc., the limbs 2a'*and Qa*' eto. , while supported in the 
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angle between these latter cells is the tip cell Ga" etc. 
For the only time in their history the tip cells now ay 
vide. The cleavage is dexiotropic and produces two cells 
which enter the functional velum,and following Mead are 
termed the secondary Trochoblasts. 

The aptnares introducing the next cleavage are per- 
fectly meridional and the completed division results in 
two vroducts in three quedrants, the lower smaller ones 
being situated between the parent cells and: the fourth 


ve we ae : 
etc) enter into the forma- 


quartette. These celis (2a* 
tion of the stomodaeum and are the secondary stomato- 
blasts. 

The cleavage following this occurs simultaneously 
in 2a"* and 2a" etc., being leiotropic and dexiotropic 
respectively. I believe that these cells do ae divide 
again, certainly not up to the point where they form an 
almost continuous row about the embryo. 

As a usual thing before the above cleavage is com- 
plete another occurs in 2e***""etc, producing two celis of 


almost eauel size lying one above the other. 


The next division occurs in the anterior seconday 
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stomatoblast . The spindle occupies the plane re- 
presented by the arrow in fig. . The innermost cell 
is generally about two thirds enatuced of the parent cell 
and lies directly upon the fourth quartette cell which is 
usually in a process of division at this time. 

The cells Qa**"'etc. now divide into a right and 
left half of equal size. 

The division of the right and left secondary stom- 
atoblasts occurs ak the same time as the above and the 
characteristics of the cleavage are vest described by the 
drawing (fig. ). Whe approach of the ectoderm cells 
towards the vegetative pole causes these celis to be 
crowded into the embryo. As a usual thing the tertiary 
stomatoblasts encroach upon them to such an extent that 
at the time of their division ery Little of their sur- 
face is exposed, 4 is to be noticed that this cleavage 
is pilahoveta 

From this point I have been unable to trace the 
cell lineage of the entire group. But at a later period 
at daca’ caer some divisions have beetle oa the origin 
of which may be surmised. In fig. it appears that 


heve divided transversely and have produced four 
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cells; that the lower ie has by transverse division 
given rise to a single row of cells passing into the blas- 
topore margin. In some cases there appear to be three 
Saak cells but I cannot be positive on this point. 

At a time shown in fig. the lower hemisphere is 
somewhat triangular owing, as will appear uae in the 
account » to a tendency on the part of the third quar- 

P eaead cells to press ih upon the archenteron. 4 such @ 
time the greater vortion of the second Nee stands 
out boldly forming the angles of the triangle. Later how- 
ever when the embryo resumes a circular form the second 
quartette sinks slightly below the general surface, form 
ing grooves which are of the greatest value in late stag- 
es, as indicating the region of these groups of cells. 
The anterior groove is wider and er apen than the Bak 
and left, and as the mouth shifts along this path, 1 be- 
lieve that many, and possibly the majority, of the second 
quartette cells disappear into the stomodaeum. There can 
scarcely be any doubt but that there is an invagination 
of at least a part of the anterior second quartette up to 


a time when the blastopore has shifted 45' and I believe 
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it continues until the shifting is complete. 

‘In the right end left groups of this quartette the 
Lnvaethatien is small as the mouth moves into its first 
position. The cells however retain thea connéction with 
the plastopore and prototroch and as the shifting occurs 
they become curved until at the time when the mouth has 
about reached its permanent position they are nearly per- 
fect semicircles bordering the third quartettve wenn Ly 
ing on each ‘side of ens werutn, 

We ere now in a position to consider the fate of these 
three groups of cells.’ As I have said I believe that lit- 
tle doubt exists that most if not all the cells in the ane 
terior auadrant become swallowed up and enter the stomo- 
daeum. The right and left groups are relatively slender, 
forming narrow curved strips abit to the susie and 
probably contribute to the formation of the general sur- 
face of the body. 


Comparisons. 


Conklin in his study of Crepidula has made exhaus- 
tive comparisons of various molluscs relating to this 


; gquartette,and finds very close correspondence poth as re- 
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gards direction of cleavage and position of cells. For 
this reason therefore I shall simply compare Crepidula and 
Ishnochiton. . 

The divisions up to the formation of four cells in 
each quadrant are exactly as in Lacon ten. But in the 
next cleavage in Crepidula 2a"* divides in a "slightly 
leiotropic" Bevis vexk and therein conflicts with the 
regular alternating cleavages and consequently with Ish- 
nochiton. However, very shortly after their formation 
these blastomeres shift so thet they have exactly the same 
position in the two forms. 

The next two divisions (of 2a* "and 2a"") are also 
similar, but after this point comparisons cannot be drawn 
since at the next divisions in Crepidula the celis corres 
ponding to the post eneeuas cells divide a second time, 
cleavages which certainly do not occur’ in Ishnochiton pre 
sious to the three wa four hundred ele stage. 

Therefore up to the time when there are seven cells 
in each quadrant the same features of development obtain, 


save in the one case where the cleavage was slightly leio 
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tropic. However, it must not be understood that the sec- 
ond cuartette in Ishnochiton when these cleavages are com- 
pleted is similar to that of Credpiula, for the cell pe nee 
which in Crepidula has never been seen to divide, in Ish- 
‘nochiton divided repeatedly. 

This brings out an interesting point in Crepidula, 
that while the upper cells of this series are similarly 
arranged to those in,chiton the division which produces 
the stomatoblast is delayed. This is probably correlated 
with the late cont ion of the stomodaeum. 

Later stages in the cell lineage were not determin- 
ed owing to a lack of landmarks, which latter fact render- 
, ed it impossible to accurately differentiate the second 
from the neighboring third quarteties. However, in @ gen- 
eral way these groups have been pesca. and some fea- 
tures in their development are strikingly like those in 
Ishnochiton. For example, during the early stages of gas- 
trulation, the second quartette celis extend faci tin 
ae of the cross to the angles of the quadrangular blas- 
topore, while the third quartette cells extending the 


same distance alternate with them around the embryo. Com- 
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paring this with figs. in Ishnochiton, we have ex- 
actly the same conditions. Also it is eektoued that in 
all but the posterior quadrant, some celis from this quar- 
tette contribute to the formation of the velum: in other 
words they form secondary trochoblasts as in Ishnochiton. 

A growing point forms in the second cuartette of the 
posterior quadrant which also occurs in chiton. 

Beyond this point comperisons cennot be made, but 
as fer as it has be@n traced the development in the two 
forms is very eater and there is every reason to be- 
Lieve that if it were possible to carry on the eoneriaank eee 
into later stages these resemblances would not cease. 

Annelids. Among the amnelids this quartette appears 
to be subject to considerable variation as regards the 
size of cells, and the accounts of their various fates 
differ considerably. in Nereis, according to Wilson, a**” 
b*:*"and c** are destined to enter the stomodaeum, wide 
observation in general meets with general approval: but 
reagrding the destiny of the parent cells a*' etc. differ. 
ences of opinion arise. According to Wilson the descend- 
ants of these cells divide more or less vertically, giv- 


ing rise to "a series of large polygonal cells lying be- 
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low the Seleht die which ne terns post trochal cells. 
None of these are said to enter the prototroch as second- 
ary trochoblasts, but from the anterior group with the 
accompanying descendants of a*and b* arises the ecto- 
blast surrounding the stomodaeum and forming the super- 
ficial pert of the body-wall of the antero-lateral re- 
gion"; and regarding the fate of these cells in the right 
and left quadrants he says "the postero-lateral region on 
each side (between the margin of the ventral plate and 
the prototrocn) is occupied by the descendants of the 
post trochal cells (offspring of a*'- on the left side,and 
of ct! on the right) and of c* and 4%. 

These various statements have been called in ques=- 


tion by both Lillie and Mead, and the objections are 


strengthened by the history of these celis in Ishnochiton, 


Meed finds in both Amphitrite and Clymenella thet the 
second quartetie in the three guedrants furnish secondary 
trochoblasts and the same thing occurs in Ishnochiton and 
probably in Crepidula. Also ii1246 ‘ana Mead criticise 


Wilson's statement that a" and c*'aid in the formation 


a, the latero-dorsal region. In Unio the second stomato- 
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blast occupies this place and in Amphitrite since the des- 
cendants of 2d form almost the entire trunk such a fate 
for these celis is out of the question. in Ishnochiton 
this region is formed by the products of d”° and also by 
the dorsal borders of Be and 3d. 

There is this a wide difference of opinion regard- 
ing the fate of these nastics put since there is such an 
essential agreement in this regard between the develop- 
ment of Unio, Amphitrite and Ishnochiton it seems proba- 
ble that Nereis will be found to offer no exception when 
restudied: and it also seems probable that in the major- 
ity of annelids and molluscs the second quartette will 
furnish secondary trochoblasts and will extend from the 
prototroch to the bleastopore even though the development 
of the first somatoblast itredudes a great distortion in 
the original radial symmetry. 


First Somatoblast. 


Attention has already been directed to the fact 
that in the early stages of development no appreciable 
difference in the size of the second quartette cells ex- 
ists, and that the first cleavage is the same throughout; 


the same thing is true of the next division which occurs 


in the upper of the two blastomeres producing the tip 
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cells ‘etc. and post trochal cells 20 *. at the next di- 


vision, however, close resemblances in the lower cell 
cease. for in the division of 2d*a somatoblast is formed 
while the division of Raretc. produces post trochal cells. 
The significence of this cleavage has been previously 
considered (cf. page Vis 

The next somatoblast cleavage occurs in the tip. 
cell (2a"") and is precocious when compered with this divi- 
sion in the other quedrants, but otherwise it is exactly 
similar to them. 

The cell 2d?'" now divides; the spindle is leiotrop- 
ic and produces a cell witch occupies the same position 
that 902: ete. does in the other quadrants. 1% appears 
thet this cleavage whith reference to the one producing tne 
stomatoblast, baths ie completely reversed; and it is a 
curious fact that both ae bne ORE these 
two cells aré leiotropic. 

The stomatoblast 2d7* now divides transversely into 
two cells of equal size. This division consequently does 
not correspond in direction to thet of the other second- 
ary stomatoblasts. 


Phe next cleavages occur in 2a!" and 2a /4*which 
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which are the preadeed formed by fas division of the tip 
cell; the cleavages are dexiotropic and leiotropic, re- 
spectively (fig. ). In the other quadrants the cells 
Qa'thand ga‘'* etc. are secondary trochoblasts and never 
hae but in thé-posterior quadrant they have become 
secondarily modified and divide several times. 

A spindle now soon apoears in 2a*"'Gividing the 
cell leiotropically into two equal moieties. 

There are now nine cells in the ventral plate, and 
the number becomes rapidly increased, dit I have been 
unable to determine the order in which they occur. How- 
ever, I have seen the division of 2a!!*"and 2a"'#*( leio- 
tropic); of 2a'*( dexiotropic) and of 2a*'* (horizontal). 

The cells at this time, for a considerable period 
of their development, are Walleeheery smaller than the 
netehpowttte third —e products, and they are by no 
means so regulerly arranged; consequently it is not a 
. difficult task es determine the outlines of the somato- 
blast up to the stage shown in fig. . While this group 
as a whole increases rapidly in size it will be noticed 
that this applies principally to that part between the 


prototroch and the lower border of the growth zone. 
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The portion below this consists of ‘a row of cells which 
extend to the blastopore, and for a eeneiacuavielioneth 
of time (during the first stages of invagination) they 
occupy the bottom of a groove whose sides are formed by 
the larger Hird quartette cells. Later, as this latter 
Siactetis becomes composed of cells of smaller size the 
groove sicerpeien and this part of the somatoblast be- 


comes ill-defined. The upper portion on the other hand 


remains distinct for a longer period and gradually extends — 


itself over a larger area on: the dorsal region, When it 
pe ae pe distinct as shown in CLE 2 Cho extends over~ 
nearly the area Necwiiee et the future shell when this 
latter structure Spek aeoaney tone [think there ‘Is ‘no 
doubt but thet at’ such a time the greater portion of this 
organ forms from the somatoblest. 

of the ventral surface it is impossible to state,but no 
doubt it forms a much smaller portion than the third quar- 
tette. It is probable that in such forms as Amphitrite, 
- where the oe forms from 2d, the ventral nerve 


cord arises from this cell. + may do so in Ishnochiton, 
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but since this part of the nervous system is probably a 
secondary acquisition it does not necessarily follow that 
it arises from the same cell in different groups of ani- 
- mals... However, there is no doubt but that the somato- 
blast in Ishnochiton forms most of the shell; a small por- 
tion of the posterior part of the body, including mantle 


and mantle furrow, and a portion of the foot. 


Comparisons. 

In Ishnochiton it is reedily seen that the first 
somatoblast cok from a cell which in origin, size , 
and position is similar to the ofher second quartetie 

relatively 
cells, and that in all probability its,excessive develop- 
ment has been secondarily acquired owing to the shifting 
of the mouth and formation of a ventral surface. Conse- 
quently it is reasonable to cupbece that in the original 
radial ancestor the second quartette developed in the same 
manner in each quadrant. 

Among molluscs, Crepidula shows more strikingly 
than Ishnochniton the radial symmetry of the second quar- 


tette. As far as the cell lineage has been followed (up 


to a time when eleven cells in each quadrant have been 
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formed), the changes have been similar in all quadrants. 
Beyond this point differences between the posterior group 
and the three remaining arise, but the manner in which 
this is brought about is not known. 

In annelids whose cleavage belongs to the "equal 
type" (Lepidonotus, Podarke) there is at first no dis- 
tinction in size among the second quartette cells, and 
Treadwell has shown for Podarke that the first divergence 
for Nee etenbent occurs in the posterior group, upon the 
format ion of four cells in each quadrant. At this time 
the cleavages are similar throughout, but there is a no- 
ticeable difference in the size of the first somatoblast 
products as compared with corresponding cells of the re- 
maining quadrants.’ Among other annelids, such as Nereis, 
Amphitrite, and Arenicola,the effect of the biverevel form 
of the larva is more pronounced, manifesting itself at 
the first éleavage. The same is aiso true Sr! tne lam- 
ellipranch, Unio. 

fhe somatoblast in these cases is characterised by 
a relatively large size, and the typical radial symmetry 
of this quartette is proportionately disturbed. This di- 


vergence becomes more marked as the cells commence to de- 
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velop, when it is very difficult, if not impossible. to 
homologize the Ce of the first somatoblast and the 
other ei cage A similar difficulty is also experienced 
when an weak is made to homologize first somatoblast 
cleavages in embryos of two mie xe in different classes, 
and it is not much lessened ae in a comparison of em- 
bryos in the same class. 

The difficulty is not so great if one attempts to 
homologize the remaining second quartette cells aia 
appears probable as mentioned above that in the original 
tinuiiae this gquartette underwent a similar development 
in all quadrants. A secondary shifting of the axes has 
“produced secondary changes in 2d, but it by no means 
necessarily follows that such secondary effects should 
manifest themselves in exactly ARE fashion in dif- 
ferent classes or even genera; indeed it would be stange 
tf-they did. 

Finally, Mead has made the interesting discovery in 
Amphitrite, that with the exception of small areas in the 
immediate vicinity of the mouth the entire trunk forms 


from 2d. in chiton the trunk in its early stages is al- 


96. 


most as extensive as in this annelid but at least one 
half of it is formed from the third quartette, which in 
annelids evidently remains of small size. 


Third Quartette. 


The Hhatodyy of the third quartette isthe: simplest 
and least varied in the development of the ectoblast. At 
its first divisios it produces the third quartetie stom- 
atoblasts, whose fate is considered on vage « To the 
remaining products attention will here be paid. Their: 
first division is meridional, the spindle being horizon- 
tal, and as a result two cells of the same size are pro- 
duced in each quadrant. in this and the succeeding 
cleavages of this quartette the posterior quadrants are 
the first to show signs of division. However, their ac- 
celeration is at first not of araet consequence “e a glance 
at fig. will show. The next division is at right an- 
gles to the first, and affects all the cells produced py 
the above division, etc. as in the preceding case 
the result “ an equal cleavage in each cell, making a 
cuedrangular group of four cells in ween quadrant. The 


acceleration of cleavages is here more marked (fig. aha 


horizontel, end are at right angles to the “precedin 


r, 


fore ithes advenced to the stege of the metephese 
anterior quadrants. 


“The time aite erence between the anterior and 
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history. 

In the first quartettes however matters are differ- 
ent. in the upper dorsal portions of each of the raat 
groups the cells continue to possess a great regularity, 
exhibiting the appearance of stones in a wall; but in those 
portions anterior to the growth zone and forming the ven- 
tral surface of the embryo the cell divisions early becore 
irregular. 

The growth zone which becomes established before the 
plastopore has shifted to any great extent appears to 
arise in the neighborhood of the. prototroch and grad- 
ually work ies It has already been noticed that the 
upper cells of the third quartette divide before the low- 
er (fig. } ‘and fig. shows a series of cleavages in 
the row next to the top kt we in ha the most rapid 
cell divisions heve occurred in the fifth row. At a 
slight distance below this point the growth gone becomes 
located permanently, which brings the area of the most 
active multiplication of cells immediately posterior to 
the shell, a position which it occupies in gasteropods 


and its situation corresponds clusély to: the’. game region 
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in annelids. 


The increase in area of these posterior third quar- 
tette tracts is not, except to a slight extent, in arcs 
of circles parallel to the prototroch, though there is 
some 1atered displacement caused by the growth of the 
first somatoblast on the dorsal side. The main growth is 
at right angles to the velum and the distance between the 
posterior border of the blastopore and the prototroch be- 
comes continually inereesed. Also through invagination 
the distance between the blastopore and velum on the an- 
berier’ hide pecomes lessened and in proportion as the 
fetne: shifts towerd its future position these posterior 
third quartette areas bacon’ extended beyond the first 
position of the pia’tebere, up along the original side 
until they come in contact with ne prototroch, thus form- 
ing most of the ventral side of the future embryo. 

Probably about helf of the trunk cit te tee is 
formed of these posterior third quartette cells. Each 
group contributes to the lateral borders of the dorsal 
surface, the products of the first sometoblast forming 


the trianguler mid-dorsal region; the posterior lateral 
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regions arise wholly from these cells, as does also most 
of the ventral surface. Diagrams will show more 
clearly the position of this quartette. 

As regerds the third quertette cells of the mter- 
ior quadrants, little remains to be said. in their first 
cleavages a very marked regularity existed but this grad- 
ually disappeers and an irregular group of cells results. 
Cell divisions continue but the increase of superficial 
extent in the groups is very small, apparently little 
gts ttt in the earlier stages. I have ohh we the mat- 

ter quite closely and am convinced that they always re- 
eer thus relatively small and are of comparatively little 

| importance in the history of the embryo, They have been 

traced up to a point where the blastopore has almost 
reached its permanent position dna at such & time they 
form two areas on each side of the mouth in juxtaposition 
with the prototroch as shown in fig. . . “¥t is’ possible 
thet. they include the antero-lateral borders of the foot 
when it is formed. in any event they probably function 
as simple ectodermal cells, many if not all of which lie 


petween the first and future shell and consequently in 
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the metamorphosis they must in great part lie in the man- 
tle furrow. 


Comparisons. 


In .all other forms whose development is accurately 
known the third quartetie is very much smaller than in 
Ishnochiton and the part it performs in the develooment 
is not so striking as in Ishnochiton. Whether or not it 
is as important op not cannot.be answered at the present 
time since no one has described the cleavages beyond the 
earlier stages. 

in Umbrella PE among molluscs the first 
division of this quartette is nearly radial, but a snift- 

ing occurs which iinnies Ane cells in_to the same position 
as in Ishnochiton. The next division affects the upper 
cells, cleaving nee bilaterally while a subsequent cleav- 
age divides the hee) cans (stomatoblast) into two equal 
halves (this is not described in the two posterior quad- 
rents in Umbrella). These last two dee oun are very 
similar in Crepidula and Umbrella, and correspond closely 


to the divisions of this quartette in Ishnochiton. Be- 


yond this stage no cleavages in the anterior quadrants 
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are figured in Umbrella, and in the posterior modifica- 
tions arise owing possibly to the fact that some of these 
cells become excretory. 

In Crepidule the outer cells, corresponding to the 
posterior third quartette stomatoblasts, and »in 
uberes: ten: divide into upper and lower products. This 
cleavage occurs in this direction in chiton but much lat- 
er in the development. Also there is another relative- 
ly accelerated cleavage in Crepidula in the division of 
3c ''*'and 3a''™, The corresponding cleavage in the anter- 
ior iauveate occurs much later, and at the same time the 
upper cells sa'“and sb" "divide. Hence in the anterior 
quadrants the two third quartette groups (Conklin's fig. 
47) at this time bear a striking resemblence to our fig. 
There are two lower cells in eacn group bdesbevee wns to 
the peomddéenaceerctwo median cells ; and two up- 
per that have the seme origin and position in the 
two forms. 

Regarding the later history of these cells nothing 
is accurately known. 


Invagination. 


After the formetion of the third quartette, the 
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macromeres lying at the vegetative pole occupy the furrow 
Sowden the members of this quartette. A segmentation 
cavity of considerable size is now present but they pro- 
ject into it but little. With the formation of the stom 
atoblasts of the third quartette, however, the ectoderm 
extends nearer the vegetative pole and in proportion as 
the macromeres are encroached upon they pass.into the in- 
terior. This is manifested by a change in the leiotropic 
position of these cells which become strictly radial; by 
a more compressed appearance as indicated by a volar fur- 
row of greater length and a loss of roundness of cell con- 
tour in the exposed vortions; and also by the form of the 
cells which Spe clearly pearshaved with the larger end bor- 
dering the segmentation cavity. This is the first step 
in the invagination process and may be said to soabaatie 
in the initial stages of the 36 cell embryo. 

The cell from which the mesoblast arises is gener- 
, ally slightly the largest of the macromeres. Not infre- 
quently this is not manifested by the external surface, 
but in such cases it is found to have migrated to some 


‘degree into the interior, After the mesoblast is formed 


this inward movement generally becomes auite pronounced, 


and by it less and less of the external surface remains 
exposed. The process apvears as a consequence of the act- 
ual inward movement of the mesoblast wera accompanied 

by the overgrowth of the mesoblest by the posterior mem- 
bers of the third quartette. A comparison of the figures 
of the early and late stages of invagination will show 
that as the mesoblast passes in, the stomatoblasts at 
first widely separated gradually cover the former and in 
so doing approach each other alome the antero-posterior 
axis. 

in the cell stage the remaining wane of the 
fourth quartette form. The position of the spindles is 
radial and the division likewise. 

Somewhat later than the eh eene division spin- 
dles appear with bilateral arrangement in the third quar- 
tette stomatoblasts. ‘the resulting cleavage divided the 
anterior cells inte equal moieties, but the posterior 
eid aah bud off a small cell anteriorly that is crowd- 
ed in between the parent cell and the neighboring fourth 


auartette. 


Movements among the cells on the vegetative pole, 


such as heve been mentioned, are usually observed pre- 
vious to the stage last described, but they may be said 
to be premonitory since no ve¥y marked invagination has 
occurred, the only effect being a slight decrease in the 
external surfaces of the macromeres and the mesoblast cell 
accompanied by a flattening of the vegetative vole, With 
this last cleavage of the stomatoblasts invagination may 
be said to tetas commerice, but in order to understand its 
processes together with the shifting of the blastopore it 
will be necessary to consider in some detail the relations 
of the cells on the vegetative pole. 

In a stage previous to the division of the third 
quartette stomatoblasts as shown in fig. the four fea 
meres lie at the vegetative pole. The cell, D, is as has 
been maintained usually very small comparatively, and as 
a result it plays a very inconspicuous role during invag- 
ination. The three remaining mecromeres on the other herd 
are of vovouniberr size sah chuntganis within the embryo to 


a point perhaps level with the prototroch. 
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In the formation of the fourth quartette the macro- 
meres in quadrants A. B and C divide externally into al- 
most equal products, but following the cleavage furrow 
into the interior of the egg it is found that the fourth 
quartette cells become thinner and wedge Bus ene that 
Videdecncieods are consequently thickened arid pear shaped. 
A general idea of the shape of these cells may be gained 
from tic. . The inner ends of these cells are at a- 
bout the same level, 

The mesoblast is a larger cell than any of the oth- 
ers mentioned, tne largest in fact on the vegetative pole 
ss eine egg, and more than this needs es criti de more than 
_to state that the inner aed of this eet is about on the 
same level as the inner ends of the macromeres of the 
other quadrants. | 

The stomatoblast cells of the second cuartette ( ) 
are at re period almost wholly without the region of the 
blastopore. They will be more fully discussed later on 


when they come to take part in the formation of the stom- 


odaeum. 


The third quartette stomatoblasts are much more im- 
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portant cells. in size they are superficially larger 
than any of the cells on the vegetative pole except the 
mesobl_ ast, and superficially they appear of about the 
same size, but a careful study of stained preparations 
and wax reconstructions at this stage make it clearly 
apparent that in reality there is a considerable dispar- 
ity in the masses of these cells. The two anterior ones, 
roughly speaking, are ellipsoids, extending therefore but 
a short distance into the ese, being wedged in position 
between the cells of the third and fourth quartette and 
the macromeres. For example, not infrequently 3b” * and 
spare in contact with 4b,B, 4a and a,a little distance 
: within the embryo, and the stomatoblast thus occupies a 
trough between the cells. Not so the posterior cells; 
lying closely appressed against dive mesoblast they extend 
inward often nearly to the same distance and the third 
quartette therefore is always separated from ae ™meso- 
blast. This latter with its two companion stomatoblasts 
constitutes a system that is but slowly affected by in- 
vagination, upon which, probably, depends to a large de- 


gree the shifting of the blastopore. 
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Occasionally the first cells to invaginate are the 
fourth quartette cells in quadrants A. B and C. which in 
some cases disappear wholly from view before any other 
cell exhibits a similar movement. in other rare cases 
where the cells are of normal size and arrangement the 
same thing may be said of the mesoblast, while in cases 
where Dor 2d are larger than usual the mesoblast usually 
passes into the embryo at en early stage. But the normal 
invagination commences shortly after-the division of the 
third quartette stomidieh Lut Almost from the moment 
of its formation the mesoblast has been slowly moving in- 
ini: but it is almost imperceptable and therein differs 
from the general normal leaving niet 26H movement which af- 
fects first all the ttived macromeres A. B and C.. ‘These 
when compered with the mesoblast glide with cbnetderstid 
rapidity past the fourth quartetie cells, with which they 
are in contact, and push into the doubt never Gavi Uy: 

In the first a ais of this movement the fourth aquartette 
is not affected but as the macromeres advance the former 
i eed depressed and slowly pass with them into 


the embryo. Shortly after the movements initiated by the 
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macromeres commence, Macromere D commences to move in the 
wake of the other macromeres, especially if it be of con- 
siderable size: if it be small it cen to for some 
time attached in its original position to the ie cnckennl 
AS the macromeres ei caadcas tik view it is seen that 
en gradually fill the segmentation cavity, and what is 


now important they press in above the mesoblast. Since 


their movement is the more rapid there must result a ten- 
dency to check the inward movement of the mesoblast. At 
all events that is wnat hapoens. From this time forward 
the movements of the mesoblastic products become slower 
his slower and ultimately cease altogether, and therefore 
the invagination in the kink dabies quadrants A and B is 
much more rapid than that in C and D. Considering A and 
B first we find after the eA ee in their inward mov 6 
ment have been followed a short distance by the fourth 
quartette cells, that a similar movement occurs in the 
third quartette stomatoblasts. These are two in number 
in each quadrant and when viewed from the vegetative pole 
are at a higher level than the fourth quartette cells and 


are also above the narrow spaces that separate these lat- 
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ter cells from each other. These spaces as the cells 
pass inward gradually enlarge and into them the stomato- 
blasts gradually work their way. Large as they are in 
fig. this process would probably be accomplished with 
difficulty but at this point each of the two cells in 
each quadrant divides into four cells and these Be ra~ 
pidly into the gap. The anterior half of the archenteron 
therefore consists of a roof of these macromeres with 
side walls composed of fourth quartette celis in the an- 
terior posterior line and at positions 90' distant in the 
right and left quadrants, whiie between them lie the pro- 
ducts of the third quartette stomatoblasts. 

Now to foe" & PAINE En of the posterior wall, as 1 
have said, the stomatoblasts of the third quartette in. 
quadrants C and D in their first division give rine to 
small cells Enbe are relatively unimportant, whiie the 
remaining cells are whet larger and lying by the side of 
the ‘mesoblest accompany it deep in-to the egg. As the 
mesoblast sinks in the movement of the stomatoblests is 
in an opsosite direction, by which they come to lie ai- 
most wholly ne surface of the embryo as in fig. ’ 


at the same time approaching each other along the median 


ote sepme 


ventral line. They now divide forming five cells in each 
quadrant, and continuing their movement inward become al- 
most lost to view. Sections show that at about this 
point their invagination ceases and for a considerable 
period they may be seen on the posterior lip of the blas- 
topore in connection with the lower surface of the meso~— 
blast. 

Sections or entire embryos at this stage will show 
ie oven though the direct inward movement of the meso- 
blast is checked there isa shifting of its cells by 
which they come to lie with their anterior surfaces in 
line with the inner surface of the archenteron while the 
posterior surfaces extend far backward and also downward 
into the ectoderm of the sea tac half of the embryo. A 
glance at diagram may make this point clear. Were all 
the fourth. quartette cells alike 4 D{mesoblast) would be 
similat to 4a on the right of the diagram. In that case 
in the invagination the macromeres would slip past the 
fourth quartette cells as in the right half of the dia- 
gram. But 4d has become modified; it hes grown larger 


then its homologues in the other quadrants and, of the 
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greatest importance perhaps, it is globular in form. Ow- 
ing to this latter peculiarity, the macromeres press in 
above this cell and it becomes pushed outward and down- 
ward. Whus a distinct bulging occurs on the lower pos- 
terior side of the embryo and the ectoderm in this region 
becomes comparatively thin, much thinner than at dey 


point on the anterior side of the embryo, and this char- 


acter is apparently correlated with more rapid cell di- 


vision in this region by which in a relatively short time 
atc ectoderm cells of the posterior side of the egg dou- 
ble those of the anterior. 

| Thus in the embryo two agencies are active in pro- 
ducing a shifting of the blastoporey first; on the pos- 
terior side there is little or no invagination after the 
earlier stages but a rapid increase of ectodermal cells 
by which the area between the prototroch and blastopore 
is constantly increasing, second, on the mitcties side 
or the egg cell divisions are of less frequent occurrence 
and an invagination decreases the ectoblastic area lying 


between the blastopore and the prototroch thus beinging 


the blastopore ultimately next to the prototroch. 
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The final changes after the invagination of the 
third quartette of stomatoblasts are relatively much 
longer than were the movements up tothis period,.and,it 
appears that the first movements of invagination up to 
the point where the anterior third quartette stomato- 
blasts disappear from ice: are relatively so rapid be- 
cause the ceils are crowding into the segmentation cavity 
_ When the cells have invaginated, as long as space is left, 
amore or less table equilibrium is reached. After this 
period for every decrease of space between the blastopore 
and prototroch there must be a proportionate increase in 
the posterior surface of the embryo, that is supposing, 
as appears tobe the case here, that there is no farther 
invagination in the posterior eck of the blastopore. 

In order that it might not apnea cet the acoouns 
of the invagination to a greater degree I heave left out 
the part the second quartette plays in the process. This 
is the more permissible since, for some time, this quar- 
tette does not actively participate in the general move- 
ment, though influenced by it in the earlier stages. For 


example in the — cell stage the cells in question are 


oe 
is ihc tae 


oo ee 
BE PNG 


se hynghgl ely 2m 
AS Be aes 


sae Wee 
Dh 


ii 


Nba yi ate 
Sess arte 


ag 
Hie ay 
1 Rad Al aide 


5 es 
Lah eS a 
ale ae Oe 


hed 


dtthated without the circle of cells that will invaginate 
and in the stege shown in fig. they have advanced but 
a short distance into that territory. Later when the ma- 
cromeres are considerably depressed paiewed ihe cenewed 
surface and the fourth cuartette hes commenced to take 
part in the vrocess the second quartette stomatoblasts 

are seen to lie within the blestopore area, having 
advanced as the fourth quartette cells decreased in ex- 
ternal surface. They also are below the general level, 
velit wedged in between the stomatoblasts of the third 
quartette. The movements of these cells are essentially 
the same in all quadrants but differences in their size 
cause some bh tined whicn nd a¥y the external appearance 
OT the embryo. For example the cell in the anterior 
aquedrant is always the largest:the one in the posterior 
normally the smallest while the cells of the piu and 
left quadrants are intermediate in size. 

In such a stage as is represented by fig. the 


channel between the two sets of anterior hird aquartette 


stomatoblasts is shallow and never in the history of the 


embryo does a deep groove extend from the bilastopore to 


the prototroch. in the right and left quadrants where 


Ste ofl 

a a 
see: Bi 

iss tis 
eee 

i ie jk 


secees 
WN: sig poh 78 ply." 
be eh aie i ps 


a 
aM) 


ae 
ae 


A ae ye 
4 Se 


se aaa ae | 
ii Sate a F 


Lees 


abe ase: btn aie ah eae 
; Jo: ORGY a 


the stometoblasts ere smaller they come to lie att he 


bottom of comoeratively deep furrows, between the groups 


; of’ third quartette stomatoblasts, and these grooves con- 


tinue to deepen and to extend to other members of the . 


second quartette as the larger celis of the third quar- 
tette approach nearer to the blastopore (fig. }..> For 


some time I thought this might be correlated with a form. 


ation of lerval mesoblast but it appears that this ae a 


correct, for the cells with the exception of the stomato- 
plests siesta possibly the adjacent cell of the second quar- 
weties “weash come to the general level when the products | 
of the second and third auartettes are more nearly equal 
in size. ‘In the poet akfox quedrant the stomatoblast cell 
divides into two cells that are small and also occupy a 
deep furrow that extends in some cases half ~~ to the 
prototroch. No cells lie in this furrow except those of 
the second quartette which are of small size when compar- 
ed with the adjacent members of the third quartetie, in 
each case shales crooves appear to have no deeper signifi- 
cance than that they are a result of a compression of 


small cells between much larger ones, in which the results 
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are more strongly marked than they would be for example 


on the mterior hemisphere, owing to a greater pressure 
than normal produced by the cells of the lower pole crowd- 


ing into the space left by the invaginated cells. 


; | ve Comparisons. 

The earlier stages in the gastrulation of Chiton 
marmoratus and C. squamosus have been studied by Metcalf 
etknant however determining accurately the cell lineage. 

This hes led I nine to some errors in the interpreta- 
tion of certain points which may “possibly pe corrected 
in the light of the development of Ishnochniton as the re- 
lation of the cells in the two forms is almost identical. 
In the first place it is an interesting fact 
that the macromeres and the cells corresponding to the 
fourth quartette appear to have ere formed by spiral 
adieu ues that they are also remarkably small celis and 
having above all ne difference in their size in the var- 
ious- quadrants. Chiton is a more primitive genus in ex- 
ternal respects at least than Ishnochiton and it would 
be of interest and importance to determine if this unir: 


formity of cell mass in the macromeres and fourth quartette 


represents a primitive condition where the mesoblast is 
less differentiated from the endoderm than in Ishnochiton 

The macromeres are first affected in the invagina- 
tion. As they press into the interior the celis of the 
third quartette divide, forming cells homologous with the 
third quartette stomatoblast. All are relatively enor- 
‘mous cells of the same size in each quadrant , and possibly 
in the formation of the archenteron compensate for the 
small size of the endoderm cells. Metcalf speaks of theSe 
cells (stomatoblasts) as entoderm. it is true they en- 
ter into the formation: of the aeridtibbyor, but there is 
tne stvarbalee: secenh to believe thet they form part of 
the stomodaeum and are consequently ectodermal cells. As. 
these latter press in toward the vegetative pole the ma- 
cromeres pass completely within Was embryo. The third 
quartette now divides a second time, forming two cells 
thet are the homologues of in Ishnochiton. 

In each quadrant between the stomatoblasts is a 
small cell marked "?" whose origin was not accurately de- 
termined by Metcalf though it was Lnhougne that they cor 


respond to the fourth quartette. This is probably cor- 


nol mod e 


rect and the cells therefore correspond in fig. to 


and . If the view be, sound that these cells are the 
homologues of the foubth quartette then one of them must 
be the i ceedait. That this interpretation is correct is 
shown, I believe, by one of Metcalf's figures (diagram ) 
Invagination here has progressed farther hue ae igs ea 

at the same diagram yet the cells maintain essentially 
the. same positions. One of the cells, a fourth cnet kt 
Set has Givided. Comparing this with fig. ee 
tically the same conditions prevails The only difference 
is thet the third aquartette stomatoblasts have not divid- 


ed. in Ishnochiton also one of the fourth quartette 


cells (mesoblast) has formed two cells. The resemblance 


seems too striking to be a mere coincidence and the cells 
in their origin and history up to this time are the same, 
eee achive ies differences, and 1 cone therefore , 
that in diagram : Metcalf has figured the mesoblast. 
Metcalf also mentions a furrow in the mideyettrad 


fe 


line extending anteriorly from the blastopore out toward 


the prototroch, and terminating in an enlargement (dia-: 
eram ). As invagination proceeds and the blastopore 


narrows this furrow disappears. It is said however that 
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this same furrow reappears when the blastopore commences 


to shift to its permanent position. 

In fie. is found just such a furrow as Metcalf 
saneareek: It extends from the blastopore out towards the 
velum and terminates in an enlargement. Also at its 
commencement it includes the two products of the fourth 
quertette cell (mesoblast). 

Since swnoneton these two cells lying in the groove 
are in all probability mesoblast, it follows thet the 


furrow does not extend anteriorly but posteriorly, and 
the furrow petween the hlastopore and the create ee 
peering when the former commences to shift is not the 
same one but another eter lies on the anterior side of 
the embryo as is found also in Ishnocniton. Av such a 
stage landmarks are not easily discovered and snenetore 
it might readily be supposed that these two furrows, the 
posterior and anterior occur in the same pand of cells, 
put “if dé didi careful study of the cell lineage is possi- 
ble I feel confident that Chiton and Ishnochiton will ex- 


hibit the same phenomena. 


Kowalevski ( tee orter account describes some 
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highly unicue changes in the development of the blasto- 
pore of Chiton Polii.' ~ auote iin Hcdoke ar hice abstract 
et this point. The embryo has probably reached a stage 
similer to thet Pt ie. and of the following changes 
he says:"in the succeeding developmental »oeriod the blas- 
topore which has so far had the form of a circular pore 
at the posterior extremity of the body, undergoes a ser- 
ies of very remarkable changes. In conjunction with the 
gradual elongation of the larva it travels to the ventral 
side and is prolonged forwards to the velum as @ groove. 
The middle part of the groove Lernert converted into a tube 
Be ied a cternd hie in front and posteriorly communi- 
cates with the archenteron. The walls of this tube sub- 
abnaie fuse pieakie obliterating the lumen, and 
necessarily causing at the same time oe Vedi’ of the 
blastopore. The tube itself becomes thereby converted into 
@a plate of cells on the ventral surface between the epi- 
wheat and hypoblast." 

The nervous system is believed by Kowalevski to a- 
rise from a portion of this plate. In the molluscs the 


pedal nerve cords arise posterior to the mouth and if the 


1. Comparative Embryology Vol. Ii, page. 
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groove in C.Polii does form anterior to the blastopore 
and the resulting plate occupies this position it is dif- 
ficult to understand by whet.method the nerves form from 


the plate and. occupy a posterior position. 1% scarcely 


seems probable that such profound changes occur ah On 
Polii and not in Ishnochiton nor in any of the annelids 
and molluscs thus far described. iI would suggest that 
owing to the ai rticulties in the way of the observation 
of the embryos of Chiton Folii, Kowalevski has wrongly 
oriented the oe kann: ehaes ol. Accordingly the so-called 
a pes 
anterior groove and laber ads, bat es structures — 
ae ae to the blastopore. In ceil cases in Ishnochiton 
_ development catenin third quartette stomatoblasts 
do meet on the median ventral line as in fig. but the 
tube in such cases is very short and soon Aieensesos, not 
by a fusion of its walls, but bm a species of evagination 
in which the cells forming the pottom of the groove come 
out ‘Level with the ectodermal cells of the surface of 
the body. So in Ishnochiton the walls of the tube never 


fuse and the mouth never completely closes, and if these 


processes do occur in Chiton Polii they are inexplicable 
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in the light of the development of any nearly related 
groups. 


Gasterovods. The accurate study of the formation 


of the stomodaeum has not been made in any mollusc hith- 
erto, and consequently comparisons are not possible he- 
yond the earlier stages. ‘Hides shows the form of the 
blastopore in Crepidula at the Keele stage e which the 
position of the second and third quartettes have been de- 
termined. The stages leading up to this point have been 
almost identical with the processes in Ishnochiton (cf. 
ae ) and in view of the fact that other later resem 
blances occur in this quartette it does not seem to be 
Claiming too much to say nee very probably the second 
and third quartette give rise to the stomodeeum as in 
Tétiiochiton. | 


Annelids. In the light of many other resemblances 


petween the embryos of Nereis and Peenoens toa 'i4 is im 

possible to believe that the suhitar tty of the vegetative 
poles im these two forms is accidental (cf. diagrams ) 
The blastopore is quadrangular in both and the secondary 


stomatoblasts lie in the angles; the third quartette com- 
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poses its sides; and within the space thhs enclosed are 


the macromeres. On the posterior side of the Nereis em- 
pryo modifications have arisen but it is still easily 
possible to compare these with similerly located struc- 
Aeneid din chiton. These secondary changes, consisting 
primarily in tne excessive development of the posterior 
second quartette cells (first somatoblest) are responsi- 
es ror the changed position of the cells, the tertiary 
stomatoblasts becoming widely separated, yet they remain 
in the same relative position as in Ishnochiton. 

As the ectodermal cells pounding the blastopore 
converge toward a central point as they do in Ishnochi- 
ton, the tertiary stomatoblasts, which ane undergone 
several divisions, lie either wedged in between the second— 
ary or pushed before sie bance: denetan wpon the ma- 
cromeres within the blestopore. Their subsequent fate 
has not been determined further than that they do not 
contribute to the formation of the mesoblast. However 
in proving this point Wilson figures a number of stages 
which ia in the clearest manner that several of the 


tertiary cells become enclosed within the circle of sec- 
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ondary stomatoblasts, therefore within the limits of the 
blastopore, and that very soon after this stage a small 
pis dia the mouth arises within the circle and some of 
the third quartette cells form the roof of a shallow arch- 
enteron, 

In comparing these terfiery celis with the third 
quartette stomatoblasts of Ishnochiton it is seen that 
they sedi and are located similarly mere considering 
their relatively smali size they have very much the same 
Aeelopment, and it appears very probable that these 
ease the secondary are known Wa ide enter permanently 
into the stomodaeum. 

Now that it has oe seen that the formation of the 
stomodaewm in annelids shows many points of resemblance 
to that of Ishnochiton, and that there are strong reasons 
for Hele teice that the second and third quartettes enter 
into its formation, it is rendered more probable thet in 
its«later development Crepidula follows along the same 
line. indeed 1 believe it will be found the rule among 
gasteropods and annelids that the stomodaeun forms from 


poth second and third quartette cells. 
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The Foot. 


Shortly after the blastopore comes to be situated 
“immediately posterior 48 the velum the foot, more or less 
quadrangular in outline, arises as a median undivided 
protuberance on the ventral surface (fig. }.) ) Pelngiy 
demarcated at first it gradually grows in prominence by 

i deepening of the surrounding groove and as this process 
is taking place contractile movements commence to mani- 
Cibe: nomcaieen idhe its anterior border. Rapidly they 
_ extend themselves to all parts of the organ and about the 
close as the free swimming period the foot reaches its 
maximum of Sotbeet tee? hdd wi its shape with a rep- 
_idity that is never again met with in its history. 

It is composed of tien columnar célls, all of about 
the same size, which become clothed with fine cilia. be- 
fore the embryo leaves the chorion. The exact origin of 
the cells is open to some doubt, yet the uteeees is not 
far bated “Sabie: Certain it is that the ereater por- 
tion of the foot is derived from the first somatoblast 
and the two bordering groups.of third quartette cells 
which have formed the ventral side. The doubt arises as 


fo the part the anterior third quartette products play 


in its formation. But since its anterior border is com- 
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paritively wide and in contact for gome distance with the 


akin it appears probable that its antero-lateral borders 
arise in the territory of the anterior third Guartettes. 

Living embryos, Miieiaiay during the free swimming 
stage, show a depression near the anterior border and in 
preserved specimens this may appear until the shell is 
nearly formed. A projection thus exists anterior to the 
depression and posterior to the mouth such. as is shown in 
Tisgy 3: » Sections show that along almost the entire 
edge of the projection the opening of the "foot-gland" | 
(Kowalevski) is situated. . This is scarcely to be spoken 
of as a true duct, but simply a series of more or less 
clearly defined intercellular channels which do not ap- 
pear sharply defined except in sections. 

Subjected as the young are 6 the violence of. the 
waves I am of the opinion that Kowalevski is correct in 
speak ing of this problematical organ as a foot gland, and 
that, its secretion enables the organism to regain its 
foothold. Young chiton from ten to twenty days of age 
are with much difficulty removed with a camel's hair 
prush from the rocks on which they rest, and with later 


stages it is necessary to immerse them in a killing fluid 


before they can be dislodged. 


The Mesoblast. 


“The.mesoblast, arises ves the posterior macromere 
Fi the 72 cell ivan | ih ies division occurs in the 
eh) ktace and is generally bilateral although in many 
cases the spindle indicates a slightly eA cleav- 
eid be: ). The next division, affecting both cells 
simultaneously, occurs normally in the stage shown in 
fig, - The spindles wnen fully formed are directed 
inward toward the centre of the embryo and the resulting 
Vendors are situated in contact with each other in 
the eaten line, on the dorsal side of the parent cells 
beth ton against the mecromere D (diagram ,. Tne 
cleavage is perfectly Witatored as is manifested not only 
in the position of the spindles but in the movements of 
the centrosomes vrevious to division. in fig. the 
spindles Si ak perfectly bait and serve to show in 
what direction the centrosomes moved. 

« At a stage pad dated tee. Che reset division 
of the parent peLincscure in the direction of the spin- 


dies and the size of the resulting cells this cleavage is 


a repetitionof the preceding. I have been unable to de- 


\j 


termine from surface views the position of the daughter 


cells put a wax reconstruction shows them to be located 
between the parent end the first formed cells. © thus 
two ciate bands exist put they are in close contact 
with one another and consequently do not diverge, as is 
the case in some annelids and molluscs. 

Beyond this point I have been unable to follow the 
development of this germ layer. Invagination hes pro- 
ceeded to such an extent that the cells are no longer 
visible from the exterior and the lack of clearly defined 
cert (Lae and nuclei render it dite tele to trace 
the development from surface preparations. 

Later stages show the mesoblast to form a cont inu- 
ous sheet of cells extending from the posterior border of 
the plastopore along the dorsal surface of the embryo. 
This gradually extends laterally and anteriorly. Several 
isolated oe occur at various points but awe) they 
have’ been derived from the primary mesoblest or as larval 


mesoblast I cannot state, though I hope a more extended 


study of sections may yield a definite answer. 
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The Entoblast.-The Fourth Quartette. 


The history of 4 D (mesoblast) has already been 
considered and it now remains to trace briefly the his- 
tory of the remaining cells of ile generation, all of 
which enter into the iki on of the mesenteron. The 
origin of these cells and their behavior in the process 
of invagianation has already been considered wp to the 
time of their division, and possibly for a greater period, 
in contact with the secondary stomatoblasts, 

The only division of this quartette which I have 
observed occurs simibaneously in all the cells (fig. ) 

he spindle in 4 B is perfectly meridional with its inner 
end almost in line with the animal poles . In. 4(Atand 14:6 
on the other hand the spindles are nearly horizontal,and 
the anterior ends of the spindles are directed ee the 
left. The mee el taken by the daughter cells has not 
been observed. 


The Fifth Quartette. 


Invagination has advanced to a considerable degree 


and the macromeres have pressed into the segmentation cav- 
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ity and are in contact with the ectoderm of the velar 

_field before the spindles arise which produce the fifth 
quartette. The macromere D shows no sign of division but 
the three remaining cells divide simultaneously, the spin- 
dles being all ningdted toward a ee point located a- 
bout the centre of the velar fipld. A considerable 
Sisiing Abeuke among the macromeres and the newly formed 
fifth quartette which renders it impossible to accurately 
trace their history into later stages. 


The Free-swimming Larva. 


It has invariably happened that no matter how care- 
fully taken care of, the eggs of Ishnochiton will not seg- 
ment normally after wathe kept two or at least three aoe 
in the aquarium. it is therefore not possible to take an 
egg through from the early stages until the oes leaves 
tie aan membrene, if it be kept in the laboratory, but 
if the eee strings soon after they are laid are carefully 
fastened among the corallines in some comparatively quiet 
tide pool they will then develop normally. 

The length of time from egg laying anti the embryo 


becomes free is seven days, and if one brings in the jel- 


oe oF 


jy masses on the seventh morning after their deposition 


‘the larvee will be seen leaving the egg envelopes in grad- 
ually increasing numbers until about noon, and in dimin- 
ishing fates until evening. 

ae Te period comprised between the commencement 
and completion of the shifting of the blastopore the em- 
bryo has a somewnat elongated form but in later stages an 
increase in size takes place, whereby the chorion becomes 
almost completely filled and the larva becomes more spher- 
ical as a result. immediately preceding the free swim- 
ming stage spasmodic contractions and elongations of the 
trunk region are noticed and it 1% possible that in this 
way the membranes become ruptured and the larvae escape. 
These latier are heliotropic to the extent that if the 
water be agitated until them are distributed equally | 
through the jar they will collect at the lighted side 
within fifteen minutes. 
' As has been seen strong cilia develop within twen- 
ty four hours after the first cleavage and in a 36 hour 
embryo the cilia beat with a rapidity of about 100 times 


per minute. This continues for five days and when the 
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larvae are liberated it would be supposed that with such 
a powerful locomotor apparatus they were destined to a 
ea swimming existence of considerable duration. But 

in eniatanieokexs normal environment this is not so. In 
almost every case when small lots were separated from the 
main company, they were found to settle within a period 
lasting from fifteen minutes to three hours. That this 
is apparently a correct and normal. characteristic is 
igen by the movements in another chiton. 1+ probably 
elas to the genus Middendorfia and as in the case of 
C. Polii carries its eggs in the mantle furrow. In sever- 
bes savaabeve i have found scores of small chiton within a 
ae small distance of the esas showing thet the free 
swimming étage could have been only of the briefest dur- 
ation. Certainly the chances of destruction aos greatly 
lessened where the free swimming stege is short and it 
seems quite probable that a suppression of this period of 
the ehiton's existence is a provision to insure greater 
safety and consequently to being a greater number of in- 
dividuals to maturity. 


The movements of the larvae are of considerable 
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rapidity, the usual rate as based on observations of nine- 


teen specimens being 8-10 c.m. per minute. In addition 
to this progressive motion is one from right to left; the 
animal thus moving in a loose spiral. 

rnb Paes at the anterior end of the body at the 
centre of the velar area are generally two in number 
though as many as four occur. One is generally longer 
than the other, and after treatment with fixing agents 
of lesser flagella . As the animal swims through the we- 
ter shéze are whipped about in various directions, much 
like the great antennae of some of the crustacea, the base 
being held comparatively rigia in each case. At least 
one of its functions appears to be that of a sense organ. 
I have frequently noticed that the iheva°tévhea olds 
from a foreign object as soon as it was touched by the 
flagella and in such cases the body itself viewer came in 
contact with the obstacle. 

It is with comparative difficuaty that the condi- 
tions are made favorable for: a further development of the 


lervae. If they are placed on ulva the greatest care 
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must be taken to HES it frequently and even then the 
larvae soon commence to develop abnormally. i have found 
that somewhat water-worn shells of Mytilus afford the 
Dk: eaters for the young to rest soi. In this case 
however the shelis must be replaced at least every two 
days by others: the debris thet collect about the young 
must be carefully removed with a camel's hair brush: and. 
also in case the sea water is at all filled with sediment 
organic or inorganic it is best to pass it through aed ge 
ter before allowing it to run into the aquerium. 

At first the larvae half crawl and half drive them 
selves along by means of their cilia and frequently leav- 
ing the object upon which they rest they swim about again- 
In such cases it appears that the resting place was un- 
favorable; at all events it is auiaty seen that some 
places on hid eheti or ulva are closely packed with set- 
tled larvae while other equally accessible portions are 
nearly or quite coca. 

For some time after the larvae settle they remain 


quite active, contrasting strongly with the slow steady 


moving. embryos a day or two older. If disturbed or irri- 


\} 


" A iu 


os 


tated. they will sometimes bend the head vesicle either to 


the right or Left or dorsally almost at right angles to 
the trunk. This. occurs until the shell has commenced 
to form but after the portions of the valve have fused 
into continuous plates such movements entirely cease. 


Metamorphosis. 


As may be readily seen the metamorphosis of a free 
swimming larva in assuming the aduit characters is rela- 
tivery slight, ana concerns almost altogether the head 
' vesicle. At first this is almost nC IBN but lat- 
er it cbedie® pear-shaped or conical with the tuft of 
ae at its narrower end. 

The shell occupies a portion of its upper surface 
and in its subsecuent changes this region undergoes 1 
tle change of shape while the remaining Scuedcies the 
head Sietthe undergo modifications which result in the 
F kemabion ot the dikesitor portion of the mente and the 
proboscis. 

A day after the larva has left the egz membrane the 
anterior hemisnohere shows no very decided permanent change 


of form although it is constantly changing its shape and 
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exhibits a slight tendency to become more blunt. This 


latter featyre is probably aided by the first valve in- 
creasihgs in extent. During the next day the shell ad- 
vances still farther the velum is cast off and the lower 
surface of the heed vesicle becomes flatter giving the 
embryo in side view an appearance shown tw the - About 
“this time the anterior prolongations of the mantle furrow 
appear in the head vesicle below the shell (fie. ro * 
a shallow at first but gredually deepens bringine inte: 
prominence the area which becomes the proboscis. At this 
ee ka mouth lies posterior to this area but gradually 
pushing forward it comes to lie in the centre of the de- 
Sioned snout. % this time the embryo appeers as it 
re . The rounded convex apvearance of the probos= 
cis rapidly disappears and theccndition shown in figure 
is reached. 

Thus the head vesicle becomes trensformed into part 
ae the first valve of the shell, the mantle and mantle 
(aon of the oi region, and the proboscis, and as will 
be remembered these are thus derived from the first quar- 
tette of ie nc » 


In the trunk region few changes take place; the 
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mantle furrow becomes deeper and the foot more differen- 
tiated. When the anus breaks through I cannot say defin- 
itely for Ishnochiton, but I know thet in the 15 day em- 
bryo this process has not occurred. In another species 
(middendorfia) however this process takes place at about 
the time corresponding to the 15 day stage of Ishnochiton. 
As to the gills I may say that they arise as minute 
papillae in the mantle furrow, and at a relatively late 


perio@ several days beyond the formation of the proclodaeumn. 


Cell homologies among Annelids and Molluscs. 

Of late years a growing tendency is manifesting it- 
self to look upon the early cleavage stages as something 
more than a mere manifestation of simple mechanical for- 
ces. Rather are the blastomeres the expression of the 
action of intrinsic forces which control the deradenment 
from the eitans stages on to the end. Mechanical for- 
ces and conditions such as gravity, surface tension,co- 
hesion and pressure undoubtedly are overative, but they 
are not believed to be the controlling,coordinating ag- 
ents in development.The early cleavages accordingly are 
as important as those occurring in later life, and may 


even be considered more so (cf. Watasé). Also the long 
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Beaienisse resemblances which exist in the development of 
flatworms, annelids, and molluscs, from the earliest seg- 
mentation of the ege, are as fundamental and Geep seated 
as are the homologies existing in the adults. 

‘The list of these resemblances in annelids and mol- 
luscs is constantly increasing. in all forms accurately 
‘piebasea the first three quarteties of cells constitute 
the sum total of the ectoblast; the mesoblest arises at 
the fourth division of the posterior macromere;, the re- 
maining members of this cquartette and the macromeres be- 
come sviiati des ; while the.divisions and positions of the 
cells up as far as the 28 cell stage are identical. Be- 
yond this point Wilson ('92) believed a divergence be- 
tween the two classes ensued, and that the development 
proceeded upon two entirely different lines. eee 
subsequent observations have not confirmed this belief, but 
have rather served to show that the supposed differences 
were’ superficial or non-existent and therefore the points 
of resemblances became more seneveas and extended through- 
out a longer period of development. : 


The above cheracters have been shown by Lillie( '95) 
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: 86 exist in the lamellibranchs, and also in both classes 
there is an essential similarity between the development 
of the first somatoblast. In annelids this structure de- 
velops to a greater extent than in Unio but as will be 
seen the two have many points in common. 

Mead ('9'7) , in a comprehensive study of the devel- 
opment of five annelids, recognized the above resemblances 
and presented other important points wherein particularly 
the écnedtharapies. fhe rosette series was shown to have 
the same origin and position in both annelids and mol- 
Lowen: and it was considered in the highest degree prob- 
able that in both it gives rise to the apical sense organ, 
put whether its final development resulted in the forma- 
tion of similar organs remained an open question. The 
primary oe secondary trochoblests were shown 48 have i+ 
dentically the same fate in at Least two annelids; the 
head kidneys in Amphitrite develop from the datae cells as 
in Nereis: the entoderm arises from the same celis in all 
cases, 

In a paper apoearing shortly after the foregoing, 


Conklin ('97) confirmed the correctness of the above list 
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- previous to Mead's work and added several other points 


to the list of resemblances, some of which have been men- 


tioned by Mead. In addition it was shown thet the prim 
ary trochoblasts of molluscs are,at least in part, pre- 
cisely similar in origin and destiny to those of annelids; 


that the cerebral ganglia probably arises from the same 
ae of cells in both; that the axial relations of all 
the blastomeres with the possible exception of the macro- 
meres are the same in each; na finally that the larval 
mesoblast of Crepidula arises from the same group of ec- 


toderm cells as in Unio. 


The above list consists of no less than twelve points 


- wherein there is an essential similarity in the develop- 


ment of annelids and molluscs, and the develooment of 
Ishnochiton with its more direat and less hove leas devel- 
opment serves in the mo st emphatic manner to prove the 
correctness of these observations.. 

-« In addition to the above resemblances, I would onve 
more emphasize the wonderful homology which exists between 
the annelid and Ishnochiton prototroch, in which twenty- 
two of the twenty-five cells in the former have exactly 


the same origin, direction of cleavages and destiny as in 
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Ishnochiton, and the remainder of the first quartette 
forming the head vesicle, with its rosette series and 
molluscen cross célis or intermediate girdle cells, has 
in all seavabirtey the -.same fate in both. 

The second quartette has been shown to have exactly 
the same origin and relations in both classes and sever- 
al of the early divisions are similar. In some forms 
precocious segregation has produced excessive modification 
in 2d- so great thet it apvears at first sight almost im 
possible to reconcile the differences that have arisen; 
but a apne careful study shows conclusively that they ape 
but verieations of a common radial type and from this 
HeAdndint it is possible to trace and understand a re- 
sev RBKE series of hegediting de that appear likewise in- 
explicable. 

In the invagination, modifications have likewise 
arisen. Accumulation of yolk and precocious segregation 
ane. poth been instrumental in producing many changes, but 
whether the gastrula be produced by epibole or embole the 
closest resemblances appear. In all cases the macromeres _ 


\ and three of the fourth quartette products produce the 
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mesenteron and the relation of theeé celisiand ther nes 
havior during gastrulation are very similar. Also the 
mesoblast in its position and development exhibits funda- 
mental resemblances throughout. The plastopore is usual- 
ly daade onan ae with second quartette cells in the angles 
and third quartetite Poblithe the sides, and during gastru- 
lation some of these second quartette products become in- 
vaginated in wereie wid Ishnochiton and enter into the 
formation of the stomodaeum; the dies thing is true to a 
erecter extent of the third quartette in the latter form, 
and probably also in Nereis. These a the only animals 
in which the formation of the stomodaeum has been accur- 
ately followed and it may be a little early to formulate 
any sweeping generalization, yet from the behavior of the 
same celis in other forms as far as these have been fol- 
lowed the resemblance is so close that it leads irresis-— 
tably to the belief that in several other forms the sec- 
ond and third quartette both contribute to the formation 
of the stomodaeum. 
As i result of shifting the mouth comes to lie im 


, mediately posterior to the prototroch, this latter organ 


séparating the first from the second and third quartette 


of ectomeres. 

In the velar field there is reason to believe that 
@ portion of the rosette series develop into the cerebral 
ganglia, and finally the interesting fact avoears thet the 
annelid prostomium is the homologue of that portion of 
the animal in@ludivie the proboscis, the pret re portions 
of the first valve, aia the mantle furrow anterior to the 
eye. ‘The remaining portions, the trunk aie alimentary 
canal, have been shown to conform to the same fundamental 
type although secondary modifications have arisen which 
tend to obsgure the fact. 

Thus it es seen thet not only in the origin and po- 
sition of the various gquartettes do resemblances appear 
Vat thet the early cleavages of these are in many cases 
cell for cell the same. In the later stages close cell 
homologies cease, but the realition of the cell groups 
and” their development in giving rise to larval or adult 
structures follow along much the same path. After passing 
these facts in review and considering the various struc- 


tures in detail, and the modifications which they under- 
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go one fact presents itself with the greatest clearness- 


that between Ishnochiton and the annelids the resemblan- 


ces are more fundamental and closer than are the differ- 


ences, — Ancestral Form. 


It is a fect of common observation that in the de- 
velopment of annelids, flatworms and molluscs the embryo 
in its earlier stages exhibits a radial symmetry. This 
in some forms is somewhat modified owing to.a precocious 
segregation of the material that will sepseauently enter 
into the first and second somatoblasts, but a four cell 
ees aus and from these blastomeres three quartettes 
of ectomeres arise. In such cases however the radial 
symmetry, imperfect from the first, is soon supercedea 
by the permanent bilateral form. In other cases where 
the precocious segregation is not manifested en the ear- 
ly stages a complete radial symmetry exists which vultin- 
‘Atie BY Waliceies modified into the bilateral type, but .at a 
much later period than in the first case. 
Ishnochiton presents a: toabieiiceiotie example of this 


latter type: its quadriradial symmetry is in the highest 


degree apparent. Three quartettes of ectomeres arise in 
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as many cleavages of the macromeres, and the structures 

‘to which they give rise-the annelid and gasteropod bnowuvel 
.- the three species of Seockehileehs, the groups of second 
and third quartette products- all, for a considerable 
period, conform to the Padind type. Also the entomeres 
and macromeres, scarcély less perfect in this regard, aid 
in the formation of a beautifully symmetrical embryo in 
which all quadrants are essentially identical. 

The first changes which creep in relative to the 
shifting of the embryonic axis are due wholly to acceler- 
oe cae. We have already seen that this deg ame 
fects deep seated modifications in the first somatoblast, 
but in the other ectomeres the change is much more ¢graed- 
ual. For example, the acceleration in the divisions of 
the posterior third quartette cells is small atstindt, 
and it is not until there are over two hundred celis in 
ine embryo the difference between the groups becomes 
eirix ingly apparent. And as regards the celis in the an- 
terior hemisphere, a glance at figure in the @ cet. 


stege will show that the radial symmetry is put slowly 


giving way to the bilateral. 
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In Nereis and Amphitrite, on the other hand, the 
bilateral condition has econ reflected backward onto 
the early stages to Seti teh extent that it manifests it- 
self at the first division-and Tater in strictly bilater- 
al Waban és various groups of cells. But in the case of 
Lepidonotus and Ishnochiton this is by no means so appaer- 
ent, and it is only by the aid of certain landmarks that 
one is able to orient the embryo up to the 60 cell stage, 

and in Ishnochiton as we have seen the radial condition 
ioe put slowly modified into the bilateral. 

The question now arises ,what does this early ra- 

dial condition represent? A group of cells of no morph- 
ological value or of the utmost fundamental duccv aden in 
the formation of the embryo? I believe many facts in 
the development of Ishnochiton and other forms lead to 
‘the belief that the truth lies on the side of the Enveen: 


proposition. ‘That’ the original ancestral form of the 


trochophore was a quadriradially symmetrical organism 


whose principal axis corresponds to the axis of the gas- 


trula, and that tne shifting of this axis is secondary. 


The original ancestor therefore may be compared to 
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a highly modified gastrula, or gastraea, so far at least 
as these three groups of animals are doricerese: ix which 
the mouth was situated at the vegetal pole; and an ecto- 
ee pharyngeal portion of the alimentary canal ( stomo- 
daeum) existed in connection withthe entodermic mesenter-— 
on. At the opposite end an apical sense organ probably 
existed which was situated at the intersection of the 
quadriradial nervous system occupying the upper hemis- 
ae, thie rib dioae the entire animal was an satdecn nee’ 
band of pit a, All of these features appear during de- 
nant in varying hertouu of en and vossibly 
others: may have exiteited originally but the embryo logy 
gives no etteini answer regarding their character. Subse- 
quently in the phylogeny the mouth shifted its position, 
due it is believed to .o the advantage of eomiane into 
close proximity of the prototroch which served as a food 
procuring Poy 

-" Many developing embryos during the first stages of 
this shifting show a narrow slit extending posteriorly 


from the blastopore which is looked upon by some inves- 
(tigators 


1. Cf. Entwick. der Wirbellosen Thiere,page Korschelt u. 
Heider. 
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as indicating an ancestral character, but this is by no 
means apvarent. In several cases this feature scarcely 


exists at all and where it is strongly developed it ap- 
71 


pears to be secondary. And neither does it appear cor- 
related with the formation of the anus, at least not in 
chiton, where this latter organ does not form until fully 
fifteen days have elapsed. Ultimately the mouth becomes 
situated immediately vosterior to the prototroch, and 
thereby the former radial symmetry became in large part 
modified in later eon. although traces.of it still ex 
isted, as development of modern forms clearly shows. 
Returning to the phenomena of early development it 
may be said that since they undergo a similar shifting 
of Glee in their development it is reasonable to suppose 
thet polyclades, annelids, and molluscs diverged from — 
the ancestral trochophore after it had become pijatanen, 


Therefore, theoreticaliy, all the embryos in their on- 


1. Child (‘97) has recently shown thet the lips of the 
blastopore concresce owing to the growth of the so- 
matic plate. 
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togeny should ass along the same deveropmertat path up 
to the assumption of the bilateral form. That this does 
not actually heppen is owing probably to secondary fac- 
tors, such perhaps as the reflection of the bilateral 
form yvoon the earlier stages (precocious segregation) and 
accumulation of yolk etc., which tend constantly to modi- 
fy this ancestrel condition. Hence when bilateral cleav- 
ages appear in development previous to the shifting of the 
plastopore they may be considered secondary, and in many 
{oe they snow that they are such, exhibiting unmistak- 
able modifications from e radial type. And as has been 
maintained above, it does not necessarily follow that 
these secondary bilateral Cleavages everywhere follow the 
same cath, for even though they have deer moulded upon 
igriar radial forms they tend to depart from _ common 
type. And in the comparison of the development of .an 

ese with an abundance of yolk where gastrulstion is epi- 
bolic, with one with smaller amount of yolk and an embol- 
ic gastrulation, yet in spite of modifications produced 
by precocious segregation and the sPeedts of food yolk 


, remarkably close resemblances occur between the embryos 


eh os 


LBY, 


of annelids molluses and polyclades and assuredly point 
to a close relationship. 


Forms of Cleavage. 


Growing out of the above considerations some points 
arise relating to the significance of radial and Ree rn, 
al types of cleavage. As l Se ae above I believe 
that the early radial condition of the embryo is of fun- 
damental a ae that it represents an early eee 
tive condition phylogenetically when the ancestor of the 
trochophore was a radially symmetrical organism. The 
ees ae as we recognize it today has been modified 
from this condition owing to to the formation of a ven- 
tral surface and correlated shifting of the mouth, and 


one of its most distinctive features is its bilateral 


form. 

In development the organism passes from a radial to 
@ bilateral condition, a process which in Ishnochiton is 
of greater duration than in some annelids (e.g. Nereis, 
Amphitrite, Arenicola) or in Unio among the Lamellibrancns 
That is to say, Ishnochiton longer retains its primitive 


characters than these forms in which the radial structure 


ipl. 


is soon replaced by the secondary bilateral. And in 
those forms where precocious segregation is most pro- 
nounced the radial symmetry is as a rule proportionately 


decreased, from which it follows that the reflection of 


larval stages upon the early steges does not produce ra- 


dial symmetry but tends to destroy it. There is a warfare 
so to speak, a contest between the radial and bilateral 
ae wherein the later appears to be slowly repiac- 
| ing the former, and it has even gone so far as to produce 
marked effects in some aie at the first sleauiie. and 
theoretically if not actually feephabanedd bilateral 
cleavages may arise from bie veginning and no trace of 
the SeAGw) exist. 

whee this bi etoral condition appears in the em 
bryo it is in connection with tal badabiad cadoen aces and I 
heartily agree with Conklin when he says "the bileteral- 
ity of cleavage is only an early appearance of the final 
bilaterality with which it is directly continuous". But 


I believe that wnen he says "In several cases these ra- 


dial structures (speaking of the radial symmetry of the 


gquartettes,trochoblasts, apical rosette, molluscan cross 
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ete. 7) seem to’ pelona to the same category as the hineak 


structures of the trochophore larva, and I believe that 


- they are to be explained as a foreshadowing of larval 


© 


characters, just as bilateral cleavages are usually at- 


tributed to a precocious development of adult characters} 
it holds good not for both radial and bilateral characters 
but simply for the bilateral. Rather may it be said that 


bilateral aged ae stages of annelids and molluscs may - 


be held to be due to the hae wvliias of their larvae, but 

considering the radial form of the embryo I believe that 

_ problem has been attacked from the wrong side. I be- 

lieve rather that the redial symmetry found in the troch- 

ophore has persisted in spite of the bilateral condition 
- Ge hie Tava, and that it belongs to a period in the 


phylogerietic development of the embryo which preceded the 


bilateral. “Yherefore just as bilateral cleavages are due 


to a bilateral condition, so I believe radial cleavages 


are’ due to radial symmetry. 
while the formation of a ventral surface gave rise 
to a bilateral form it does not follow that bilateral 


_ Cleavages arose at that time. On the other hand it ap- 
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‘history of the radial ancest 


"in the case of bilateral cleavages, the redial divisions 


development, + 


a greater directness to the 


-@ saving of energy which takes place,as Conklin a 


whenever precocious segregation is present. — 
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